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CHAPTER I 
STATEMENT OF THE PROBLEM 
Education and educators have in reality one purpose, 
one aim; to minister adequately to child development. The 
study of child development has constantly improved, pro-
gressed and broadened its field. It recognizes more and more 
that the child is a complex and composite being. Much has 
been done toward the study of the mental development and 
growth of the child, but the study of physical growth has 
not paralleled it. 
The term, "the whole child" is used in education. We 
recognize that there is another aspect to the child's devel-
opment besides the mental or learning process. It is agreed 
I 
that the physical development is significant in child study. 
Its importance is admitted. We say "Amen" to the philosophy 
I 
but what is physical development or growth? 
Do we really know what growth is? It could be what 
happens to a child from one birthday to the next. Techni-
cally it could be described as progress toward maturity. It 
is that intangible something, peculiar to each being, the 
understanding of which is necessary to the complete picture 
of childhood. 
Growth obviously varies with the individual. Children 
vary in height, weight, in times of accelerated, retarded or 
1 
.¢2 
maximum growth . The philosophy of individual differences it 
being c onsidered in all educational planning and appraisal. 
Should not individual gr owth differences receive due c onsid-
eration? Each child has his pattern of growth . One cannot 
understand the child without considering his peculiar growth 
curve. Individuals vary so much in their growth pattern that 
norms or averages are not adequate for true understanding of 
child growth . 
Purpose of the Study 
Thus, in the belief that individualized study should 
be the approach by which generalizations can be made about 
growth and development, this study develops a technique 
whereby individual growth patterns may be studied . Norms ar 
established for growth in height in a favored community and 
subsequently deviation height quotients are found as a means 
of studying the stability of the growth pattern for indivi -
dua 1 chi 1 dren. 
Scope of the Study 
The data for this research are the height records of 
over seven hu~dred c h ildren in four elementary schools in th 
city of Newton, Massachusetts . These schools represent f our 
economic levels of family status, rang ing from poor to very 
wealthy . The children involved are of mixed racial ori g in. 
Their complete height history from the time of their entranc 
into the Newton schools to, and including their first height 
2 
measurement this school year, is used in the study. Two 
measurements of height are recorded each school year. There-
fore, for children in the sixth grade thirteen measurements 
were available. The height is recorded to the nearest 
quarter of an inch. As will be explained later in the study, 
only the first yearly measures were used to establish the 
norms, but both yearly measures were used to compute the 
deviation height quotients for the sixth grade children. 
Justification of the Study 
Very little has been done to study the individual 
growth pattern for its own particular significance. Willard 
c. Olson, 1 a contemporary student of growth, says that 
"Individual differences among children are most impressive 
when one segment of total growth is reviewed." This study 
selects height for the phase of growth to be measured because 
height is relatively independent of environment. It can be 
2 
measured objectively. Edith Boyd found that "height is 
measured with more reliability than other dimensions." If 
1 Willard c. Olson and Byron o. Hughes, "Growth 
Studies are Giving a Better Understanding of the Learner," 
Childhood Education, October, 1944, P• 61. 
2 Edith Boyd, "The Experimental Errors Inherent in 
Measuring the Growing Human Body," American Journal of 
Physical Anthropology, October, 1929, p. 396. 
3 
the significance of growth in height can be determined it is 
possible that it can be used in other areas~ with the even-
tual possibility of relating growth in these areas. 
Aim of the Study 
The aim, therefore, of this study shall be to develop 
a technique for the plotting of individual growth curves, 
and to determine their significance. 
4 
CHAPTER II 
RELATED RESEARCH 
Introduction 
Everyone has always known that children grow, but the 
accurate and quantitative study of this growth began at a 
singularly late period in the history of natural science. 1 
A review of the literature reveals that the studies 
of growth are as varied as the concept of growth itself. 
Each student from Galton's time to the present· day recognized 
the significance of growth and endeavored, through his 
particular theory, to find the answer, the pancea for all 
problems of child development. 
Some of the students in this field attempted to prove 
that marked spurts of growth are characteristic of the 
adolescent period. Many sought the answer to the question: 
Can mental status be predicted by means of physical charac-
teristics? Others endeavored to prove the constancy of the 
I. Q. and mental growth. The patterns of growth of the de• 
viates, the feeble-minded and the gifted, were studied to 
see if the deviation in the mental pattern were matched by 
1 Richard E. Scammon, "The Measurement of the Body in 
Childhood," The Measurement of Man (Minnesota: The University 
of Minnesota Press, 1930) p.-r?~ 
5 
a deviation in the physical pattern. In recent years, and 
more in keeping with the present thesis, the relationship 
between attained stature and annual increment was studied. 
Throughout the history of all efforts to find a phy~ 
sica! basis for mental traits, the hypothesis was main~ained 
that the mind is dependent upon or conditioned by physical 
growth and status. There is a suggestion that these varied 
approaches were made under the influence of a conviction that 
some sort of unitary factor dominates all phases of growth; 
and hence the search always aimed to discover that single 
physical trait which would best reveal this guiding prin-
1 
ciple. 
Very limited study has been undertaken whereby a 
single physical measurement, such as height, has been 
studied for its own particular significance. The first com-
plete .set of seratim, quantitative measurements of human 
growth of which we have printed record is a series of mea-
surements of increase of stature of a French boy from his 
birth in 1759 to later adolescense, 1777. The observations 
were made by a French naturalist, Geneau de Montbeillard 
and published by Oeuvres G. Buffon. According to Scammon2 
1 Donald G. Paterson, "Personal! ty and Physique," 
The Measurement of Man (Minnesota: University of Minnesota 
Press, 1930) p. Tia-.--
2 Richard E. Scammon: "The Measurement of the Body in 
Childhood," The Measurement of Man (Minnesota: The University 
6 
this pattern of growth, or growth curve, shows four rather 
definite phases; rapid increase in infancy and early child· 
hood, a middle period from 3 to 13 years where growth is 
slow but constant, the period of puberty and the terminal 
period. 
Cross-Sectional Studies of Growth 
The early studies of growth were "cross-sectional" 
studies, a series of averages on groups that were not repre-
1 
sentative samplings. Huggett and Millard say that "the 
variability of growth among individuals is so great as to 
rule out entirely the soundness of such comparison." 
Most of these early studies attempted to prove that 
physical measurements could be used as a criteria of mental 
measurement. From the time of Galton's2 observations that 
"men of genius tend to be above average in height and weight" 
to the present time there has been study after study, some 
asserting, some denying a striking correlation between 
stature, weight, and intelligence. According to Paterson3 
1 Albert J. Huggett and Cecil V. Millard, Growth and 
Learning in the Elementary School {Boston: D. c. Heath a~ 
Company, T94~pp. Z6-Z7. 
2 Francis Galton, Hereditary Genius (First edition 
1869, reprinted by Macmillan Company, Limited, London, 1925) 
p. 321. 
3 Donald G. Paterson, Physique and Intellect (New 
York: The Century Company, 1930 P• 5. 
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those studies which undertake to determine relationship be-
tween anatomical and physiological development and mental 
ability are less numerous. 
The type of research which attempted to prove this 
theory is termed by Paterson1, "the method of averages." 
This statistical method was crude, in that it prevented any 
statement of the degree of agreement between weight and 
height and intelligence. There were many experiments of this 
nature in the late 19th. and early 20th. centuries. Two 
pioneer students of this method, w. T. Porter and J. A. Gil-
bert, set the pattern for many studies which followed. These 
studies will be mentioned here and classified according to 
the two schools of thought, Porter and Gilbert. 
z w. T. Porter 1892, using age grade location as a 
measure of intelligence, supervised the measurement of 33 1 500 
boys and girls in St. Louis. He then set up tables showing 
the median height and weight and the number of cases for a 
given age and grade. He concluded that the brighter the 
child the taller and heavier he is. His study assumes im-
portance in that it did set the pattern of using age grade 
location as a measure of intelligence. 
1 Donald G. Paterson, Physique and Intellect (New 
York: The Century Company, 1930 P• 43. 
z w. T. Porter, "The Physical Basis of Precocity and 
Dullness, "Trans. of the Academy of Science of St. Louis," 
1895, 6:161-181. 
0 
u 
In 1900 two similar investigations by w. s. Chris-
1 2 topher , M. D. and H. G. Beyer , M. D. were reported each 
3 dominated by the Porter method. F. w. Smedly working in 
Chicago in 1902 attacked the problem using the Porter tech-
nique. He was no more successful than his predecessors. 
B. w. DeBusk4 in 1913 used the Porter method with no evident 
realization of the erroneous impression created by slight 
5 
differences in averages. In 1918 w. H. Pyle reports the 
average height of 112 twelve year old boys classified ac-
cording to grade location. Paterson criticizes him for 
failing to give a scattergram showing the height in relation 
6 to grade location • 
1 w. s. Christopher, M.D.,"Measurements of Chicago 
School Children," Journal of the American Medical Associa-
tion, 1900, 35:683-687. 
2 H. G. Beyer, M.D., "The Relation Between Physique 
and Mental Work," American Physical Education Review, 1900, 
5:149-160. 
3 F. w. Smedley, "Child Study in Chicago, Illinois," 
ReTort of~ u. s. Commissioner of Education, 1902, 1:1095· 
11 5. 
4 B. w. DeBusk, "Height and Weight, Vital Capacity 
and Retardation," Pedagogical Seminary, 1913, 20:89-92. 
5 
w. H. Pyle, "The Relation of Mental to Physical 
Development," Journal of Delinquency, September, 1918, val. 
3, no. 5. 
6 Donald G. Paterson, Ph1sique ~ Intellect (New 
York: The Century Company, 1930 P• 43. 
9 
J. A. Gilbert's study in 1894 differs from Porter's 
in that he used teacher's judgment of mental ability rather 
than grade location, and in that he claimed there was _a 
negative relationship between height and weight and n1ent al 
ability. His study set a pattern for several which followed. 
2 G. M. West with F. Boas in 1896 made a study of 
Toronto school children using the Gilbert technique. Arthur 
MacDonald in 1897-1898 made an elaborate study of Washington, 
D. c. school children in the hope that the facts would enable 
educators to apportion school tasks differently in the light 
of each child's physical needs. He, too, used the Gilbert 
technique. His thoughts about suiting the school load to the 
child's stage of development is interesting in the light of 
the technique to be developed in this thesis. 
The observation of Prof. Martin Guttmann of Vienna in 
3 
1915 is reported by Richard Scammon and is mentioned here 
from point of chronological order rather than from its rea 
semblance to preceding report. Guttmann followed the in-
crease in stature of four brothers. He plotted a curve for 
1 J. A. Gilbert, "Researches on the Mental and Phy-
sical Development of School Children," Yale Psychological 
Laboratory Studies, 1894, 2:40·100. 
2 G. M. West, "Observations on the Relation of Phy• 
sical Development to Intellectual Ability, Made on School 
Children of Toronto," Science N. s. 1896, 4:156-159• 
3 Richard E. Scammon, "The Measurement of the Body in 
Childhood," The Measuremen o Man (Minnesota: The University 
10 
. 
each brother to represent the progress of growth in height , 
measured yearly, during the first two decades of his life . 
The data show some of the differ ences in size during the 
growth pe riod encountered in members of the same family group . 
Scammon's comment on this study is encouragi.ng to the student 
of growth curves; "If individua ls of the same sex and heri-
tage, living in the same environment, show such fluctuations 
in size, is it surprisi n g that group s of individuals of the 
same age, but of diverse ancestry , social status, and nurture 
exhibit high variab ility?" 
1 
s . F . Stev..rart in 1916 conducted an experlmen t with 20/ 
boys in the training school of the University of Chicago. He 
seemed ta recogni~e that the over-lapping is too great to 
trust averages alone, although data to show the relations h ip 
between height and weight and intelligence for individua ls 
a re not g iven. Paterson states that he does not adopt the 
method of correlation and concludes, "When individual curves 
and correlations are considered without reference to the 
size of the boy or his stage of deve lopment , it is difficult 
to see any relation between physica l growth and sch ool st and-
ing . " 2 
1 s. F. Stewart, "A Study of Physical Growth and Schoo 
Standing of Boys," Journal of Educational Psychology,l916, 
3: 414-426. 
2 Donald G. Paterson, Physique and Intellect (New York 
The Century Company, 1930 ) p~ 434 
11 
The United States Public Health Survey in 19Z9 of 
children in County A, in Illinois differs from the studies 
just presented in that it used standard intelligence tests 
as the criteria of intelligence for correlation. Scrutiny 
of the trend of these averages indicates that those with 
higher I. Q1 s are slightly heavier and taller than those with 
normal I. Q1 s or less. The differences are slight as compare 
to the large amount of over-lapping in the I. Q. groups and 
had the coefficients of correlations been computed between 
these physical measurements and I. Q. it is certain they · 
would be very low. 
A study which bears similarity to this thesis was made 
in Honolulu in 19Z3 by K. Murdock and L. R. Sullivan. 2 They 
us e d a straight-forward correlation technique and controlled 
the age factor in both the physical and mental measures. The 
measures of general intelli gence were the I. Q1 s which were 
found for each pupil (600 odd pupils of old American stock). 
The I. Q. used was the ratio I. Q. obtained from the Otis 
Primary Test, the National Intelligence Test and the Terman 
1 G. A. Kempt and S. D. Collins, "A Study of the Rela-
tion Between Mental and Physical Status of Children in Two 
Counties iti Illinois," u. s. Public Health Reports, 44: 1743-
1784, 19Z9. 
Z Katherine Murdock and L. R. Sullivan, "A Contributio 
to the Study of Mental and Physical Measurements in Normal 
Children," American Physical Education Review, 19Z3, P• Z09, 
P• Z76, P• 3Z8. 
12 
Group Test. The anthropometric characters used for the study 
were; height without shoes, body weight and head diameter. 
Instead of using absolute height, weight and head 
diameter, the average of each was found for each sex and age 
group and the individual weight, height and head diameter 
was expressed in so many pounds, centimeters, or millimeters 
above or below the average of his or her own age-sex group. 
The physical measures were therefore expressed in relative 
rather than absolute terms. The authors state that this 
procedure was adopted to eliminate the age factor and to 
make possible the direct comparison of all subjects. In 
bringing together the mental and physical measurements the 
product moment method was used throughout. 
The correlation between general intelligence and 
weight was .16 and height .14, head diameter .22. The 
authors state that these are rather small but too large to be 
accounted for by accident since they are from 5-7 times as 
great as their probable errors. Those with I. Q's below 100 
averaging 27 points lower in general intelligence, 4.8 
pounds lighter and 1.5 centimeters shorter than those with 
I. Q's above 100. Compared correlations obtained upon indi· 
victuals who are above normal with those below normal in men-
tality for both weight and height is above 3 and as great 
for those who have I. O's below 100. The results . indicate 
that the correlation between general intelligence and weight 
13 
and height in individuals with general intelligence above the 
average is almost nil., .06 for height. No consistent sex 
differences in the degree of correlation appear. 
Results when interpreted in the light of other studies 
seem to point rather conclusively to the fact that the degree 
of relationship between physical and mental traits is not 
constant for different grades of mentality. 
1 
Bird T, Baldwin , in a series of papers, was influ• 
entia! in perpetuating an exaggerated view regarding the rela 
tion between physical and mental traits. The papers appeared 
in 1914 ... 1921-1922. His last pape.r was the most striking 
correlation between these traits up to that time. His 
sampling was small, only 49 cases. The fallacy of this data 
2 
according to Paterson lies in the unstable character of 
partial correlation when all three variables inter-correlate 
highly and in the chance errors in the data itself. 
3 Paterson says that we may summarize the general trend 
of these studies between , height and weight and intelligence 
l B. T, Baldwin, "Relation Between Mental and Physical 
Growth," Journal of Educational Psychology, 1922, 13:193-203. 
2 Donald G. Paterson, Physique and Intellect (New York 
The Century Company, 1930) P• 46. 
3 Donald G, Paterson, Physique and Intellect(New York: 
The Century Company, 1930) P• 51. 
14 
in normal children, by stating that a slight positive corre8 
lation seems to exist between stature or weight and intellis 
gence. He also cites several studies of feeble-minded 
children which attempted to prove that such children are also 
inferior physically. Some of the more pertinent studies are 
discussed here. 
The Deviates and Growth 
1 In 1680 G. G. Tarbell and G. E. Shuttleworth made a 
study which attempted to prove that mentally defective 
children are also physically defective. 
A. R. Wylie2 in 1699 and 1903 compared age for age the 
average height and weight of feeble~minded with Gilbert's 
norms for Iowa school children and with Robert's table of 
height and weight of English school children. The curves 
for the feeble-minded were sometimes below and sometimes 
above the English children, but always below the Iowa child~ 
ren. Paterson questions, "Why should Iowa children be the 
standard?" 3 
1 G. E. Shuttleworth, "The Health and Development of 
Idiots Compared with Mentally Sound Children of the Same Age, 
Proceedings of ~ American Association of Medical Officers 
of the American Institution for Idiotic and Feeble-minded 
Fersons, 1876-86 PP• 188·189;--
2 
A. R. T. Wylie, "Investigation Concerning the Height 
and Weight of Feeble-minded Children," Journal of Psycho-
Asthenics11899, 4:45·57. 
3 Donald G. Paterson, P e and Intellect,(New 
15 
In 1906 Naomi Norsworthy made a study of 57 mental 
defectives. This study seems to justify the conclusion that 
mental defects are by no means equaled by bodily defects 
among idiots. In measurements of height and weight, the 
defectives are indistinguishable from ordinary children. 
2 H. H. Goddard in 1912 made a study which has been as 
the rule uncritically accepted as demonstrating marked phy-
sical inferiority on the part of the feeble-minded. Factors 
of institutional selection are operative in this research as 
well as an undue proportion of pathological cases of feeble-
mindedness. 
c. D. Mead3 in 1914 conducted a study which compared 
the height and weight of feeble-minded and normal children 
in relation to intelligence. The curves show marked average 
differences, but the normal children were selected from un-
usually favored communities. 
1 Naomi Norsworthy, "The Psychology of Mentally Defi-
cient Children," Archive of Psychology, 1906, 1: 1 ... 111 • . 
2 H. H. Goddard, "The Height and Weight of Feeble-
minded Children in American Institutions," Journal of Nervous 
and Mental Diseases, 1912, 39:217-235. 
3 c. D. Mead, "Height and Weight of Children in Rela-
tion to General Intelligence," Pedagogical Seminary, 1914,21: 
394-406. 
16 
E. A. Doll in 1916 made an elaborate attempt to util-
ize anthropometry as ~n aid in the diagnosis of feeble-mind-
edness. He recognized upon completion of his research that 
the deficiency in physical measurement is much less than the 
deficiency in psycho-physical traits. 
In 19Zl Terman began his study of gifted children. 
This was to be an unbiased sampling of mentally superior 
children followed through their adult life. It was set up 
to investigate the degree of constancy of measurable, child-
hood traits and to throw light on the factors responsible 
for changes in achievement, personality, social adjustment 
and tested abilities. 
In the spring of 19Z3 the anthropometric measurements 
were taken under the direction of Dr. Bird T. Baldwinz. The 
gifted children as a group were above the best standards of 
American born children in growth status as indicated by both 
height and weight; they were above the established norms for 
unselected children of California. In all respects the re-
sults showed the gifted group was slightly superior physical 
to the various groups used for comparison. 
1 E. A. Do 11, Anthropometry ~ !£ Aid to Menta 1 Diag .. 
nosis, (Published by the Training School, Vineland, New Her-
sey, February, 1916) PP• 1-91. 
z Lewis M. Terman and Melita H. Oden, The ~G~i~f~t~e~d:~~~~~~ 
Grows ~ (Genetic Studies of Genius, vol. 4, ~nford: 
ford University Press, 1947) P• zo. 
17 
Dr. N. A. Dayton in 1928 analyzed the height and 
weight of 3, 553 retarded public school children in Massachu-
setts and concluded that the degree of physical deficiency 
is closely associated with the degree of mental deficiency. 
A correlation analysis was not reported. 
L. R. Wheeler2 in 1929 using data derived from the 
Harvard Growth Study compared physical measurements of dull 
children with normal children. This study is significant si 
the factor of racial descent was controlled. Children of 
J 
North European descent were used and the measurements of 
intelligence were likewise made with unusual care. Wheeler 
has undoubtedly demonstrated slight physical differences 
between mentally dull children and normal children in the mas 1 
a finding which does not show the relationship between these 
variables as found in individuals. Paterson concludes from 
these studies that mentally dull children are slightly in-
3 ferior physically to normal children. 
1 " N. A. Dayton, M. D., Height, Weight and Intelligenc 
Relationships in 3,553 Retarded School Children," New England 
Journal of Medicine, 1928, PP• 934-938. 
2 L. R. Wheeler, "A Comparative Study of the Physical 
Growth of Dull Children," Journal £[Educational Research, 
1929, 20:273-282. 
3 Donald G. Paterson, PhJsique and Intellect,(New 
York: The Century Company, 1930 P• 66. 
18 
Regarding gifted or precocious children, B. T. Baldwin 
in 19.25 contributed one chapter to Terman's "Mental and Phy-
sical Traits of a Thousand Gifted Children" giving the anthro· 
pometric measurements. There was a tendency for gifted 
children to be taller, but it was a tendency revealed in 
averages only. 
1 
L. S. Hollingworth in her study in 19.24 reported 
gifted children as a group are "large and strong at the ages 
studied in so far as we have measured." 
Longitudinal Studies 
Another type of growth study is the "longitudinal 
growth study." It represents averages over a period of years 
.2 
on t h e same children. Huggett and Millard say, "It is con-
siderably better than the cross-sectional study because it 
eliminates the problem of se l ecting chil dren of various age 
levels who are approximately equivalent." 
Four growth studies of this type have originated at 
Harvard. These all envolved repeated measurement of the same 
individuals over a long period of years. The first study, 
1 L. A. Hollingworth and G. A. Taylor, "Studies of 
Physical Condition and Growth,u Twenty-third Year Book of the 
Nation~! Society for the Study of Education, 1924,-p:-zzr.---
.2 
Alber t J. Huggett and Cecil v. Millard, Growth and 
Learning in the Elementary School (Boston: D. c. Heath and 
Company, T94~pp. Z6-27. 
19 
which was also the first American study employing this metho 
was that of H. P. Bowditch 1 in the year 1872. He found, 
through the graphing of measurements of height of twelve 
males and twelve females made annually over a period of Z5 
years, evidence of growth inc r ements up to that age. 
The second study was made in the decade 1910-1920 by 
w. T. Porter2 • He secured monthly measurements of height and 
we i ght of the same Boston school children over a period of 
nine years. 
The third study was inaugurated in the fall of 19ZZ 
3 by Walte r F. Dearborn, M. D. Ph. D. and John w. Rothney , 
Ed. D. and their associates. It envolved 3500 children who 
were measured annually for lZ years and the administration 
annually of mental and scholastic tests. 
The fourth Harvard Growth Study was begun in 1930 by 
Harold c. Stuart and a staff of collaborators at the School 
of Public Health. 
Many studies have been made of the data accumulated 
in the Harvard Growth Studies. One such research which bears 
l, Z, 3 • Walter F. Dearborn and John w. M. Rothney, 
Predicting the Child's Development,(Cambridge: Sci-Art, 1941) 
PP• 33-35. ---
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resemblance to this thesis is that of Grace McGlinchey, 
"Consistency of Relative Position in Growth in Stature." 
The primary purpose of the study was to determine the con• 
stancy or fluctuation of standing height of 266 girls in 
relation to the mean of the group as a whole. 
The first step was the computation of mean statures 
and the standard deviations of statures of the 266 girls at 
each age from 7~17. The standard score for each girl's 
height measurement at each age was computed and the resulting 
figures multiplied by 10 and rounded off to 2 places. A 
score of 10, then, indicates that a subject's height measure-
ment was approximately one sigma above the mean height of 
the group. This sigma score technique makes possible a stu 
of the deviation of selected individuals and selected groups 
from the general average of the group as a whole. 
A tendency to regress towards the mean was noted. 
Those who were taller moved down toward the average as they 
grew older. The shortest made up for some of their initial 
inferiority in height and also approached the average. Thos 
1 John w. M. Rothney and Grace McGlinchey, "Consist-
ency -of Relative Position in Growth in Stature," unpublished 
cited by Walter F. Dearborn and John w. M. Rothney, Predict-
~ the Child's Development (Cambridge: Sci-Art, 1941) 
PP• 130-168. 
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who were nearest the average tended to remain in their ori-
ginal positions. 
The standard scores of each individual were examined 
and compared. The most arresting observation and the obsere 
vation which can be made of the findings of this thesis, too, 
is that no two of the 266 cases had identical standard scores 
at each age from 7-17. Many cases were closely parallel in 
development but none were exactly the same throughout. Each 
individual followed a different path in relating to the 
yearly height averages of the group as a whole. 
In 1935 Edwin B. Wilson1 reported on the heights and 
weights of 275 public school girls 78 16 years of age. He 
analyzed seriatim data which was accumulated by the Harvard 
Growth Study. His conclusions were; 
1. The coefficient of variation increased from 
7-12 years (4.9•5.4) and then decreased to 16 years (4.0) 
2. The coefficient of correlation for height with 
weight decreased from .77 at 7 years through .71 at 11 and 12 
years to .42 at 16 years. 
3. The correlation of height at 7 years with 
height at 16 years was .81, implying that that variance in 
the height at 16 was 66% controlled by a knowledge of height 
at 7 years• 
Howard v. Meredith2 in 1936 published a paper on the 
1 Edwin B. Wilson, "Norms of Growth," Science, January 
30, 1942, PP• 112-113. 
2 Howard v. Meredith, "The Prediction of Stature of 
North European Males Throughout the Elementary School Years," 
Human Biology, May, 1936, PP• 279-83. 
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prediction of stature for males 7~11 years of age . These 
data, too, were accumulated by the Harvard .Growth Study on 
263 males. The stature of each boy at . 11 years of age was 
predict ed from his height at 7 by the "T" score method . On 
comparison of the predicted with the measured values for 11 
y ears, it was found that the mean error of predi c tion, sign 
being disregarded was 1 . 07 em . 
Again in 1923 Frank Boas 1 repo rted on a study of 
growth. He carried on extensive investigations among Utica, 
New York poor and o rphane~ chi l dren . He states that it is 
not possible to establish a physio l ogi c al age of an indivi-
dual by ~eans of the observation of a s ingle gesture bec ause 
each physiologica l function has its own characteristic 
c orrelation to the c. A. of the individual . 
The difference between the growth c urves of different 
European types are smal l as compared to the variations that 
are brought about by d i fferent socia l environments , but 
beginning with adolescence t he effect of the hereditary 
growth curve makes itse l f felt and out wei ght the environ-
mental effect . IN all probability each racial type has its 
own growth curve . 
1 ~ Frank Boas, 'The Growth of Children a s Unflu e nced 
by Envir onmenta l and Hereditary Conditi ons," Sc ho ol and 
Society , Mar c h 17, 1923 , pp . 305-308. 
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In the periodical Science on April 11, 1941 Frank 
1 
Boas made another report on a growth study. He found an 
unexpectedly high relation between I. Q. and stature on 
material obtained from a study of children at Lincoln School, 
New York. He hastened to state that this corroborated 
Porter's work. In the same periodical in July of the same 
2 
year w. s. Carlson writes a reply to Boas and states that 
Porter's data show only the means without corresponding 
measures of variability and when the complete data are given 
the coefficient of correlation is in the range of ~.o6;.o1. 
3 
From 1922 to 1928 Palmer and Reed studied the 
relationship between attained stature and annual increment 
in elementary school children 6-14 years of age. There were 
2,414 children envolved in the experiment. They were at-
tending school in Hagerstown, Maryland. Repeated annual 
stature measurements for four or more years were taken. The 
analysis of the data consisted of means and standard devia-
tions of distributions of gains. Their conclusions were; 
1 Frank Boas, "The Relation Between Mental and Physi-
cal Development," Science, April 11, 1941, pp. 339-342. 
2 w. s. Carlson, "The Relation Between Merital and 
hysical Development," Science, July 4, 1941, PP• 17-18. 
3 Carroll E. Palmer and Lowell J. Reed, 11Anthropo-
etric Studies of Individual Growth I Age, Height and Rate 
of Growth in Height in Elementary Sch6ol Children," Human 
Biolo , September, 1935, PP• 319-334. 
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1. Girls over annual rates of growth in height 
decrease from 6th. to 9th. year. Boys mean annual rates of 
growth in height decreases from 6th. to lOth. year. 
z. During the 9th~ and lOth. year, girls above 
51 inches in height appear to grow more rapidly than those 
less than 51 inches. Between the lOth. and 11th. year boys 
above 52 or 53 inches grow more rapidly than shorter ones. 
Individual Growth Curves 
1 
s. A. Courtis in a paper read at the 9th. Interna-
tional Congress of psychologists, Yale September 1929 
proposed the use of isochrones, or maturation units to 
t 
th d th f th i 1 t i -1 i r measure grow , an e use o e s mp e equa on; y-n 
in which y is the measurement at the time (t), k is the 
ultimate development at maturity, i is the degree of devel-
opment at the outset, and r is the rate of growth. 
z Courtis reports that this formula tells an important 
story for t he diagnostician. It emphasizes the fact that 
children grow to different maxima. It calls attention to a 
new factor, the degree of development at the outset. It 
tells us that in spite of the varying form of the growth 
curve, the rate of growth is really constant at all points 
on the curve. The curve also illustrates another matter; 
1 Stuart A. Courtis, ''~aturation Units for the 
Measurement of Growth," School and Society, vol. 30, pp.683-
690. 
z Stuart A. Courtis, "Maturation a Factor in Diagno 8 
sis," Thirty-fourth Year Book of the National Society for 
the Study of Education, 1935, PP• 175"178. 
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that the human being passes through periods, or cycles, of 
development. The first cycle is the pre-natal development. 
The second is infancy. The third is childhood and the last 
is that of adolescent growth. 
. 1 
In 1934 Courtis proposed that physical growth norms 
be derived by averaging the constants for a series of inte-
gral equations of individual growth curves. The derived 
"curve of constants" was considered superior to the commonly 
employed "curve of Means" on the grounds that it more nearly 
preserved the form of the individual trends upon which it 
1 
was based. 
2 
Again in 1937 Courtis contributed to the theory and 
study of growth. He presented an original definition of a 
growth cycle which was claimed to imply a law of cycle growth 
having a rational explanation in terms of cause and effect. 
In an article in The Phi Delta Kappan in 1949 Stuart 
Courtis 3 makes these pertinent statements; "Growth in height, 
analyzed is made up of two simplex curves. The first cycle 
represents preadolescent growth and is part of a very perfect 
1 Stuart A. Courtis, "The Derivation of Norms," 
Journal £! Experimental Education, March, 1934, PP• 237-43• 
2 
Stuart A. Courtis, "What is a Growth Cycle?" 
Growth, vol. 1, PP• 155-174. 
3 
Stuart A. Courtis, "The Rate of Growth Makes a 
Difference," The Phi Delta Kappan, April, 1949, pp. 318w319. 
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growth curve. At about nine years of age comes a second 
cycle of growth which adds more inches. If a child has 
entered the childhood cycle, marked by the shedding of baby 
teeth and cutting of a permanent set, he is ready to profit 
by school experiences. Some children are utterly unable to 
profit by instruction until they have reached a certain level 
or cycle of development. Each and every part of the child 
make-up has to grow - bones, brain and behavior." 
Individual Growth Studies 
Regarding the individual growth curve, Huggett and 
Millard 1 state "Individualized study, which is becoming much 
more popular year after year because of the recognized 
unreliability of cross-sectional study, is no doubt the only 
approach by which sound generalizations can be 'made about 
growth and development." 
. 2 Ruth s. Wallis, Ph.D. reported in 1931 on a study she 
made of private school children. Her method of computation 
is similar to the one used in this research. She secured the 
rating of a child's stature in terms of his group by sub-
tracting his individual measurement from the average of his 
age group and dividing this plus or minus by the standard 
1 Albert J. Huggett and Cecil v. Millard, Growth and 
Learning !£ the Elementary School (Boston: D. c. Heath, 1946) 
P• Z7. 
Wallis, Ph. D., "How Children 
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deviation of the group. The ratings the children received 
for the first year they were measured were then correlated 
with the ratings for the second, the third and the fourth 
year. It seems from the coefficients that a child tends to 
maintain his first rating during the next four years. The 
amount of actual gains in stature fluctuates from year to 
year with sharp alterations among boys and a smoother rise 
and fall among girls. "In following the growth of these 
children it was soon evident that a child develops in accord 
with his stature," states Miss Wallis. 
George Wolff 1 made a study of height in white school 
children from 1937840 in Hagerstown, Maryland. He made a 
comparison of differences of height and weight indices. He 
concluded that the mean ·stature of the same white school 
children was fai.rly constant, . that there was a distinct 
difference for patterns of growth and that the variability 
of stature shows a slight upward trend with increasing age. 
2 Viktor v. Bunak reported in 1940 on his study of the 
1 George Wolff, ''A Study of Height in White School 
Children from 1937-1940 and a Comparison of Different Height-
Weight Indices," Child Development, March, 1942, vol. 13, 
P• 6577. 
2 Viktor v. Bunak, "Typology of Growth Curves of the 
Human Body," American Journal of Physical Anthropology, 
March, 1940, pp. 69-85. 
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final size of the human body and relative growth in different 
periods. He found no correlation between the rapidity of 
growth and final size of the body. The curves of increments 
show the same three characteristic phases of decreasing, in-
creasing and again decreasing velocity over a span of years. 
As editor of the section on physical growth and devel 
opment for the 1944 Review of Educational Research, Nathan w. 
1 Shock makes this interesting introduction to the work in 
that area, "The more useful studies of growth are those whi 
have brought to focus the importance of individual differ-
ences in growth rates and the limitations of avera ged growth 
curves." 
In 1944 Katherine Simmons 2 presented a monograph for 
the Society for Research in Child Development as part of the 
Brush Foundation Study of Child Growth and Development. Her 
data were based on 1,000 Ohio children from families above 
average in education and economic status. She gave cross~ 
sectional age-sex norms for some 25 anthropometric dimensions 
1 Nathan w. Shock, "Physiological Aspects of Develo 
ment," Review of Educational Research, 1944, p. 417. 
2 Katherine Simmons, "Physical Growth and Development 
Monograph of the Society for Research in Child Development," 
The Brush Foundation Stud of Child Growth and Develo ment; 
washington, D.C.: National Research Council, 1944 vol. 2. 
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and for skeletal maturity together with height, weight 
skeletal age intercorrelations from 3 months to 17 years. 
In 1946 Nancy Bagley1 set up tables for the determi-
nation of the percentage of mature height achieved by child-
ren of various degrees of skeletal maturity and she published 
tables for predicting the ultimate stature of normal children 
from their skeletal age and height at the time of X-ray. 
As editor of the section on physical development in 
the December 1947 Review of Educational Research, Nancy 
Bagley observed that several trends were reflected in recent 
studies of growth. Norms for trends in growth were being set 
up to provide cross-sectional age-averages. There was an 
increasingly felt need for more revealing tools with which 
to evaluate and predict. She states that this is seen in an 
effort to deduce from the complex factors, inherent and en-
vironmental, those which determine a particular child's slow 
or rapid progress and his characteristic reactions to both 
detrimental and beneficial events. 
Summary 
The Growth Studies mentioned in this chapter have been 
grouped as cross-sectional, longitudinal and individual 
1 
Nancy Bagley, "Tables for Predicting Adult Height 
from Skeletal Age and Pre~ent Height," Journal of Pediatrics, 
January, 1946, vol. 28, p. 4964. 
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studies. Most of the early studies of growth were cross-
sectional and they attempted to prove that physical measure-
ments could be used as a criteria of mental measurement. 
This "method of averages" was used on groups that were not 
representative samplings. Variability of growth among indi-
viduals is so great as to rule out the soundness of such 
comparison. 
The statistical treatment of the data in a study of 
t h is type by Murdock and Sullivan was similar to the treat-
ment of data in this thesis. Instead of using absolute 
height and weight the average for each age group for each sex 
was found and the individual height and weight was expressed 
in so many pounds or centimeters above or below the average 
of the group. 
The Longitudinal studies represent averages over a 
period of years on the same children. They are better than 
cross-sectional studies because they eliminate the problem 
of selecting children of various age levels who are approxi-
mately equivalent. Notable among these studies are the 
Harvard Growth Studies and the subsequent studies of the data 
collected for them. One such research by Grace McGlinchey 
bears resemblance to this thesis in the statistical treatment 
of the data. She found the mean statures and the standard 
deviations of statures of hei ght of 266 girls at each age 
from 7-17. Each girl's height measurement was converted into 
a standard score, multiplied by ten, rounded off to two place , 
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and expressed as so many sigmas above or below the mean. In 
the present research the deviation in height from the mean is 
expressed as a height quotient, H. Q. The technique used in 
both instances make possible a study of the deviation of 
selected individuals and selected groups from the average of 
the group as a whole. 
Contemporary students of growth for the most part 
favor the individual growth study because it emphasizes indi-
vidual differences and adds to the picture of the "whole 
child." Ruth s. Wallis, Ph. D. made such a study of private 
school children. Her method of computation is similar to 
that used in this thesis. She secured the rating of a child' 
stature in terms of his group by subtracting his individual 
measurement from the average of his age group and dividing 
this plus or minus difference by the standard deviation of 
the group. 
s. A. Courtis is a strong advocate of the individual 
growth curve. He suggests the use of isochrones, or matura• 
tion units, to measure growth. His formula emphasizes that 
in spite of varying forms of the growth curve the rate of 
growth is really constant at all times. He proposed that 
physical growth norms be derived by averaging the constants 
for a series of integral equations of individual growth 
curves. His growth curve illustrates that human beings pass 
through cycles of development. He states that when a child 
has entered the childhood cycle, marked by shedding of baby 
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teeth and the cutting of the permanent set, he is ready to 
profit by school experiences. All of these facts emphasize 
the need for the development of techniques to facilitate the 
study of individual growth curves. 
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CHAPTER III 
THE DATA ACCill1ULATED AND ANALYZED 
Source of the Data 
The height measurements used in this research were 
obtained from the cumulative physical recor d cards of each of 
the more than seven hundred children involv ed . Newton class-
room teachers make the measurements and record them on the 
physical record cards twice each year, before October first 
and about June fir st. 
The measurements are taken against a vertical wall 
measuring board. Before being measured, the children removed 
their shoes. This procedure is followed throughout the en-
tire school system. \<!hi le the measures were taken by differ-
ent individuals, the procedure was uniform. 
Organization of the Data 
Cards were set up by the author providing for the 
individual, cumulative height record of each child. For 
example a second grade child would have five height measures 
on his card after October first of any school year; two 
measures each for kindergarten and first grade respectively 
and the October measure of the current school year. The ages 
of the c hi ldren were obtained from the birth dates recorded 
on the physical record cards. These ages were computed as o f 
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October first, the recorded age in the Massachusetts school 
registers, and the approximate age at the time of the first 
height measure for the school year 1948-1949. The age range 
was from four years and nine months, kindergarten entrance 
age, to eleven years and nine months, maximum sixth grade 
age without retardation in the school career. 
Thus the data were ready for use in many and varied 
ways. These cards could be arranged according to age, grade 
or height. They were ready for use in this research and 
could be used in future studies if the data were desired. 
The Establishment of Norms 
In keeping with the philosophy of individual growth 
differences and individual development patterns, the norms 
to be established should be age norms. If the thought is 
followed that children grow at various rates and that each 
child should be allowed to progress at his own rate in school 
work, we should expect children of various ages and sizes in 
each school grade. This would make grade norms of little 
value for the purpose in mind. The best way to interpret a 
child's growth pattern is in terms of children who have lived 
as long as he, children who have had the same opportunity for 
growth as far as time is concerned. Gertrude Hildreth1 
1 Gertrude c. Hildreth, Metropolitan Achievement Tests 
Manual for Interpreting (New York: World Book Company, 1 
P• 37. 
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states that the use of age norms emphasizes maturation rather 
than school experience and instruction. A growth study is 
a maturation study. Age norms are therefore the norms best 
suited to this research. 
The First Curve or Norm Line 
The first step in establishing norms from the data was 
to plot on a graph the height measurements of the 721 childr 
for the current school year. A scale of height in quarter 
inches was used on the Y axis. A one step interval was used 
beginning with 35 inches and ending with 65 inches. An age 
scale of months was used on the X axis ranging from 4 years 
and 9 months to 11 years and 9 months. The median height for 
each month of age was then computed and indicated on the 
graph. These points of median height were then connected 
establishing the first curve or norm line. The line or the 
curve was very irregular. This sampling, 721 measures, was 
too small to establish norms, especially when more complete 
data on the same individuals was available. 
The Second Curve - Medians of Cumulative' Data 
Next the height record of each child, from the time o 
his entrance in the Newton Public schools until the time the 
data was accumulated, was plotted on the original graph. 
Referring again to the case of a second grade child, there 
would be five measures recorded, two each for his height in 
kindergarten and first grade respectively and one for the 
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second grade. The height measures of the 721 children during 
the time they attended the Newton schools resulted in 2968 
points being added to the graph. The median height for each 
month of age for this cumulative data was then found and in-
dicated on the graph. These median heights were then con-
nected. The resulting curve was smoother than the first but 
could profit from further statistical treatment. 
The Curve of Best Fit 
Running averages of the last mentioned medians, median 
heights for each month of age of the cumulative data, were 
computed and these smoothed medians were plotted for each 
month of age on a new graph. A line of best fit was drawn 
thr ough these points. Meanwhile, the mean height for each 
month of age as well as the standard deviation for each month 
1 
of age had been computed. Running averages of the means for 
each month of age were computed and these averages plotted 
on a third graph. A line of best fit was drawn through these 
plotted points. The line of best fit which had been drawn 
through the smoothed medians was compared with the line drawn 
through the smoothed means. It was decided that the line 
through the smoothed medians was the best norm line to use 
for the establishment of tables. Thus a table of median 
height was set up for each month of age from 4 years and ni 
1 Madeline Walsh, Lynn School Dept. 
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months to 11 years and nine months by reading off from the 
norm line for median height the figure in inches for each 
month of age. 
Running averages of the computed standard deviations 
were found and these averages plotted on a fourth graph. A 
line of best fit was drawn through these points, also. From 
this norm line for standard deviations a table of the stan-
dard deviation in height for each month of age from 4 years 
and nine months to 11 years and nine months was set up. Now 
the data were ready for the computation of deviation height 
quotients. 
Deviation Heiaht Quotients 
All the sixth graders for whom complete data on height 
from kindergarten through to sixth grade, was available were 
used in this phase of the experiment. The formula for com-
putation of the deviation height quotients is the following: 
DQH = 100 + d~~5oJ 
in which 100 was assumed to be the norm for height, d the 
difference between the individuals height and the norm for 
his age, 15 set arbitrarily as the standard deviation and 
s. D. was the standard deviation for the age being considered 
Thus by making the mean constant at 100 and the standard de-
viation constant at 15 the height quotients were made com-
parable and those which varied from the pattern could be 
determined. 
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Deviation height quotients were computed in this man• 
ner for each sixth grade child whose entire school career ha 
been in the Newton schools. As mentioned earlier in this 
study, the two height measures were available for each year 
in the child's school experience were used. Thus, for these 
sixth graders thirteen deviation height quotients were com-
puted for each c h ild. These thirteen height quotients gave 
quite a c omplete picture of the height patte r n of the ch i ld• 
39 
4 
0 
1 
2 
3 
4 
tJ) 5 
~ 
~ 6 
0 
:£ 
7 
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9 41.75 
10 42.00 
11 42.25 
TABLE 1 
MEDIAN HEIGHT IN -QUARTER INCHES FOR EACH MONTH OF AGE 
FOR BOYS AND GIRLS COMBI NED 
YEARS 
5 6 7 8 9 
42.50 45.50 47.75 49.75 51.75 
42.75 45.75 48.00 50.00 52.00 
43.00 46.00 48.25 50.25 52.25 
43.25 46.25 48.25 50.25 52.25 
43.50 46.50 48.50 50.50 52.50 
43.75 46.50 48.75 50.75 52.75 
44.00 46.75 48.75 50.75 52.75 
44.25 47.00 49.00 51.00 53.00 
44.50 47.25 49.25 51.25 53.25 
44.75 47.25 49.25 51.25 53.50 
45.00 47. '50 49.50 51.50 53.50 
45.25 47.75 49.75 51.75 53.75 
10 
54.00 
54.00 
54.25 
54.50 
54.50 
54.75 
55.00 
55.00 
55.25 
55.50 
55.50 
55.75 
11 
56. 
57. 
57. 
57. 
-J::-
0 
4 
0 
1 
z 
3 
4 
(/) 5 ::r: 
f-< 
:z; 6 ~ 
7 
8 
9 z.o1 
10 2.05 
11 2.o9 
TABLE Z 
STANDARD DEVIATIONS IN HEIGHT FOR EACH MONTH OF AGE 
FOR BOYS AND GIRLS COMB INED 
YEARS 
5 6 7 8 9 10 
z.10 z.z9 Z.38 Z.46 Z.5Z Z,57 
Z.lZ z.3o z.39 Z.47 z.53 Z.57 
z.14 z.31 Z.40 Z.48 z.53 Z.58 
z.16 z.3z 2.40 2.48 2.54 2,58 
Z.l8 2.3Z 2.41 2,49 2.54 2.58 
2,20 2.33 2,42 2.49 2.54 2.59 
2.21 2.34 2.42 2.50 2.55 2.59 
2.22 2.35 2.43 2.50 2.55 Z.60 
2.24 2.35 2.44 2.51 2.56 ·2.60 
2.25 2.36 2.44 2.51 2.56 2.60 
2.26 2.37 2.45 2.52 Z,56 2.60 
2.z8 2,38 2.46 2.52 2.56 2.61 
11 
Z.61 
Z.6Z 
Z.6Z 
z.62 
2,62 
z.63 
2.63 
2.64 
2.64 
2.64 
.(:::-
1-' 
CHAPTER IV 
INTERPRETATION AND IMPLICATIONS OF THE DATA 
Summary of the Purpose of the Study 
The purpose of this study was to develop a technique 
for the plotting of individual growth curves and to determine 
their significance. 
Development of the Technique 
Deviati~n height quotients were prepared through the 
follow i n g st a tistical procedure; 
1. The establishment of norms for height for each 
month of age from 4 years and 9 months through 11 years and 9 
months for boys and girls combined. 
2. This was made possible by the plotting of a "curve 
of best fit" through the smoothed medians of height for each 
month of age of the cumulative data, 2968 measures, and the 
setting up of tables by reading off from the norm line the 
figures in inches for each month of age. (Table 1). 
3. A table of standard deviations for each month of 
age was compiled in the same manner as the median height tab! • 
(Table 2). 
4. Knowing a child's age to the nearest month and his 
height to the nearest quarter inch, one could through the 
followin g formula compute his height quotient; 
D.Q. H = 100 + d(l5) 
s.n. 
Tables 3a and 3b are the result of the application of 
this formula to the height measures of 67 sixth graders from 
the time of their entrance into Kindergarten through the firs 
height measure in sixth grade, 13 measures for each of the 67 
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children. In the Appendix of this thesis are tables which 
were compiled through the application of this formula to the 
data for over seven hundred children of Newton, Massachusetts 
Knowing the height to the nearest quarter inch and the age to 
the nearest month of a Newton elementary school child, one 
may use these tables to determine his height quotient. 
The Individual Growth Curve 
The height quotients of the 67 sixth graders indicate 
their individual patterns of growth. By the same token the 
height quotients of any child should give the observer an 
understanding of the child's growth pattern. The technique 
herein developed has been carried one step further. Growth 
curves of three sixth grade girls and three sixth grade boys 
have been plotted using height quotients on the Y axis and 
age on the X axis.{Figure 1) This achieves two things. It 
gives the reader a graphic illustration of the fact that 
children vary in their pattern of growth and it demonstrates 
the procedure for the plotting of individual growth curves. 
Reliability of the Data 
The ideal situation would be to have frequent measures 
monthly measures, taken by the same teacher on all the indi-
viduals to be studied. This was not possible because the dat 
were obtained from cumulative physical record cards and thes 
cards had only two height measures per school year recorded 
on them. 
l 
The best data this study offers for computing relia-
bility are the two measures taken closest together, the May 
and October measures . The correlation between s u c h paired 
measu r es fo r Kindergarten, Grade 1, Grade 2, and Grade 3 are 
shown below; 
Between t he last Kindergarten measure and the fi rst 
Grade one measure .81. 
Between Grade one second measure and Grade two first . 
measure .92. 
Between Grade two second measure and Grade three firs 
measure .93. 
This period of four months between these measures is 
period in which considerable change takes place. For the 
youngest children it is a period of great growth and a perio 
of great variation in growth. 
If one may assume that the typical reliability coeffi 
cient as herein defined is .92, the standard error of · measur 
ment (a= oVl-r;1 ) is 4.2. With this in mind the standard Meas . H. 
deviations of the separate measures for the 67 cases should 
prove interesting; 
44 
r 
136 
134 
132 I 
130 
128 
126 
124 
122 
120 
118 l 
116 
114 
112 
110 
108 
106 r 
104 I 
102 1-
100 t 
98 
96 
94 
92 
90 
88 
86 
84 
82 
80 
78 I 
76 
74 
72 I 
70 
0 Q) 0 co 0 Q) 0 (() 0 
I I I I I I I I I 
I!) I!) (() (0 ['-- ['-- co co 0) 
co 
I 
~- l 
-1 
-1 
' Case 5 Boys 
~------- Case 6 Boys 
+------Case 7 Girls 
E--------- Case 9 Boys 
~------------ Case 9 Girls 
/ < Case 10 Gi r 1 s 
Figure 1. Individual Growth 
Curves of three sixth 
grade girls and three 
sixth grade boys who 
are all the same age. 
+- ..... .....,.. 
I ~­
\.)l 
0) ...... ...... 
46 
TABLE 4 
DISTRIBUTION OF STANDARD DEVIATIONS OF HE IGHT 
QUOTI ENTS BASED UPON 13 CONSECUTIVE MEASURES OF 67 CASES 
Standard Frequencies 
Deviation 
in Inches Boys Girls Total 
9 . 70-10.19 1 1 
9.2o ... 9.69 1 1 
8 . 70- 9 . 19 
e . 2o-8.69 1 1 
7 . 70-8.19 
7 . 2o ... 7.69 2 2 
6.70- 7 .1 9 1 1 
6.20- 6 . 69 
5.70-6. 19 
5 . 20- 5 . 69 5 1 6 
4 . 70-5 .1 9 1 1 
4 . 2o ... 4 . 69 6 3 9 
3.70-4411 9 5 4 9 
3 . 20-.3.69 6 4 10 
2 . 70- .3. 19 5 6 11 
2 . 2o-2 . 69 4 4 8 
1.70-2.1 9 2 4 6 
1 . 20•1.69 1 1 
Mean 3 . 89 3.94 3 a91 
Median 3.74 3 . 32 3.57 
·-
Table 4 shows the distribution of the 67 Standard 
deviations, each based upon 13 measures as well as the same 
information broken down by boys (35 cases) and girls (32 
cases) . It will be noted that the mean of the distribution 
o f sigmas for boys and girls together very closely approxi-
mates the standard error of measurement as defined above . 
In comparing these two figures it must be born in mind that 
the estimate of reliability probably is low and therefore 
the standard error of measurement as reported is too high 
by some unknown amount . The mean of the 13 standard devia-
tions should very closely approximate the standard error of 
measurement provided no real i . e. non- chance variations 
occur in the child's developmental pattern . The fact that 
these two independent measures agree so closely tends to 
reinforce the idea that the height quotients for individual 
children remain constant within the range of the measurement 
error. This of course makes the occasional child who de-
viates strikingly from this pattern all the more interesting. 
Conclusions 
In understanding the outcomes of the study the charac-
teristics of the Deviations of the 67 sixth graders in tables 
3a and 3b should be appreciated. Since the height quotients 
are really standard scores with a constant mean and a constant 
standard deviation, the growth pattern of a child who main-
tains a standard amount of difference from the norm would be 
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a straight line parallel to the norm. Conversely the growth 
pattern of a child who maintains an irregular amount of 
difference from the norm would be an irregular line. If a 
child's pattern of growth is one of continuous relative in-
crease in height, his pattern of growth would be a line ex-
tending up from the norm line. The converse would be true 
here also; if a child's pattern of growth showed a relative 
decrease from the norm his growth curve would be one sloping 
downward with relation to the norm line. 
An examination of the Table of Height Quotients for 
the 67 selected cases, tables 3a and 3b, will show considers 
able variations in growth patterns and these variations are 
reflected in the Standard deviations for each individual in 
the table. If a child is noted to be exceptionally short, 
he, with few exceptions, remains so. EXAMPLE Case 23 Boys 
and Case 6 Girls. The opposite is true also; if a child is 
exceptionally tall, he, with few exceptions, remains so. 
EXAMPLE Case 5 Boys and Case 14 Girls. 
Some individuals whose growth patterns seem to be 
ireegular take a downward trend in growth. EXAMPLE Case 3 
Boys, Case 26 Girls. Other individuals take an upward trend 
in growth. EXAMPLE Cases 32 and 34 Boys and Cases 3 and 24 
Girls. There are some children who maintain a steady course 
in their pattern of growth. EXAMPLE Case 5 Boys and Cases 
10, 16, and 22 Girls. 
TAF\L£ 3A 
BOYS 
Height Quotients Based upon Measures Taken Bi-annually .In October and May f'or 
5elec~ed Cases for whom Complete Data are Available for Six and One-half' Years . 
together ,with the Mean and Standard Deviation of each Series. 
J<!JG . GRADEl GRAD£ II GRADE I II uRADE 1 V . uRADE V 
1st • .2nd. 1st. · . .2nd. 1st • .2nd. 1st • .2nd. 1st~ .2nd. 1st • .2nd. 
Meas.Meas. Meas.Meas. Meas.Meas. Meas.Meas. t'feas.Meas. Meas.Meas. 
H.Q. H.Q. H.Q. H.Q. H.Q. H.Q. 
Case C.A • . 
1 4-9 117 110 11.2 Ill 
103 105 
107 106 
118 114 
103 108 
123 120 
115 120 
116 116. 
115 110 
116 115 
104 -10.2 
113 liZ 
109 106 
liD 106 
104 104 
l 4-10 107 100 
3 4-11 1.20 11.2 
4 5-0 
5 5-0 
6 5-0 
7 5-0 
8 5-0 
9 5-0 
104 103 
134 130 
109 103 
107 98 
86 78 
102 103 
97 95 
130 130 
108 105 
95 105 
·e4 79 
103 98 
108 108 
95 100 
133 131 
114 liZ 
111 106 
83 86 
10.2 103 
106 106 
103 100 
1.27 131 
11.2 114 
105 108 
89 86 
111 104 
1.28 131 135 130 
118 120 lZO 133 
107 107 107 110 
90 87 .. 84 83 
113 llb 106 104 
10 5-l 98 95 
Jl 5-l 105 105 
12 5-l 116 105 
13 5-1 96 90 
14 5-2 104 97 
98 98 
108 111 
105 108 
90 87 
97 97 
111 110 
94 98 100 97 
116 111 111 118 
109 105 108 110 
96 97 98 94 
118 118 123 117 
liZ 109 118 113 
96 91 94 88 
98 100 100 9/ 
15 
16 
17 
5-2 
5-3 
5-3 
18 . 5-3 
19 5-3 
20 5-4 
lL 5-4 
zz 5-5 
.23 5-5 
24 5-5 
.25 5-6 
.26 5-6 
2.7 5-6 
2.8 5-6 
2.9 5-6 
30 5-8 
31 5-8 
32 5-8 
33 5-8 
34 5-8 
35 5-9 
8.9 94 95 96 
100 100 97 97 
110 113 
126 118 
91 9.2 
118 1.20 
9.2 89 
114 118 
119 114 
92 91 
lZO 113.. 115 ; 116 
1ZO lZl 1.2j 1Z8 
96 93 96 98 
116 117 
1Z6 126 
94 97 
1.26 125 
98 98 
114: 113 
1Z8 124 128 123 1.20 lZZ 
94 97 lOZ 102 lOZ 96 
lZZ lZZ 
100 98 
lZO lZO 
97 . 96 
113 106 108 106 106 109 
lOZ 97 100 98 100 105 
86 79 81 84 83 8Z 
86 77 78 81 83 82 
105 lOZ 100 106 105 10.2 
90 87 86 86 95 9.2 
llZ 110 113 liZ lZO lZO 
95 90 89 91 89 89 
114 110 
117 106 
107 105 
11Z 113 
113 · uo 
80 79 
1.24 119 
\ 
88 87 
111 114 
108 111 
108 108 
111 liZ 
111 109 
79 81 
1Z4 lZl 
89 89 
116 117 
117 111 
119 110 
liZ 109 
111 115 
80 91 
1Z3 .., lZl 
98 91 
10~ 113 · 113 · us· 
98 93 100 103 109 103 
90 88 85 8~ 83 78 
83 8Z 84 80 80 76 
100 100 10Z 103 107 104 
9.2 90 90 88 90 87 
118 1.21 lZZ llZ 1Z5 1.27 
88 88 91 93 90 94 
116 116 
110 106 
108 113 
116 1Zl 
lZZ 1Z4 
91 85 
lZl 1Z7 
96 100 
119 117 
107 116 
110 11Z 
118 1ZO 
1ZO 117 
84 80 
1 Z5 1Z6 
97 100 
119 118 
116 114 
114 114 
lZO 1ZO 
lZO 1Z3 
78 77 
1.29 1Z4 
103 103 
GRADE VI 
1st. 
Meas. 
H.Q. 
114 
109 
104 
101 
130 
1Z9 
109 
86 
104 
97 
liO 
114 
90 
96 
1Z7 
1Z4 
99 
117 
97 
110 
101 
80 
79 
104 
84 
1Z7 
9Z 
1ZZ 
.110 
116. 
120 
1Z3 
80 
140 
101 
Mean 
a 
115 
108 
110 
101 
131 
115 
106 
85 
105 
97 
114 
110 
9Z 
98 
115 
1Z3 
94 
123 
98 
110 
101 
83 
81 
103 
89 
119 
91 
116 
111 
111 
116 
117 
ez 
1Z5 
96 
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S. D. 
5.4 
Z.1 
8.4 
1. 9 
5.6 
z.z 
· 3.Z 
Z.5 
Z.9 
Z.5 
Z.9 
3.0 
4.0 . 
4.5 
5.0 
. TABLE 38 
GIRLS 
Height Quotients Based upon Measures Taken BI-annually. in October and Hay for 
Selected Cases for whom Complete Data are Available for Six and One-half Years 
t ccet her with the Mean and Standard Deviation of each Series. 
KDG. GJW>E I. GRADE II. GRADE Ill GRADE IV GRADE V GRADE VI 
1st. 4nd~ 1st. 4nd.. 1st. 4-nd. 1st. 4nd. 1st. 4nd. 1st. 4nd. 
Meas.Meas. Meas.Meas. Meas.Meas. Meas.Meas. Meas.Meas. Meas.Meas. 
H.Q. -H.Q. H.Q. H.Q. H.Q. H.Q. 
Case C.A. 
1 4-9 144 115 
4 4-9 117 114 
3 4-10 78 73 
4 4-10 115 114 
114 103 113 114 
llZ 108 . 111 109 
83 8Z 
117 113 
84 . 83 
119 117 
115 109 116 115. - 115 116 
114 114 116 119 
/ 
97 96 . 97 96 
144 119 
97 100 
1ZO 119 118 115 115 119 
5 4-11 100 98 95 94 94 97 94 86 94 94 97 97 
6 4-11 84 81 77 74 76 75 76 75 81 76 77 76 
7 5-0 100 103 100 lOZ 105 106 108 14Z 144 115 114 107 
8 5-0 100 100 100 98 105 98 97 98 104 104 104 107 
9 5-0 80 76 84 '79 - 83 80 80 88 88 85 88 99 
10 5-0 93 93 94 92 95 94 95 98 98 96 94 93 
11 5-0 107 102 95 98 102 103 105 lq4 104 104 104 104 
12 5-0 98 93 90 86 90 . 94 94 _90 94 93 93 90 
13 5-1 116 107 106 108 111 108 105 109 109 114 114 109 
14 5-1 143 119 
~ 5-4 118 117 
16 5-2 104 104 
17 5-3 83 .75 
18 5-3 109 103 
~9 5-4 90 84 
20 5-5 115 108 
21 98 95 
/ 22 . 5-5 107 .102 
23 5-5 98 95 
44 5-6· 80 79 
25 5-6 88 94 
26 5-6 144 140 
47 5-7 98 94 
28 
49 
-
3•1 
34 
5-8 110 100 
5-8 84 77 
5-8 97 90 
5-9 85 86 
5-9 75 74 
141 141 
116 119 
100 103 
76 7Z 
102 105 
81 83 
110 103 
100 97 
110 - 106 
95 94 
84 80 
92 . 89 
116 114 
92 . 94 
li-4 117 
117 114 
105 103 
78 77 
111 108 
83 82 
106 108 
114 . 112 
105 106 
94 95 
83 83 
95 96 
114 114 
91 92 
140 114 
114 116 
104 100 
77 78 
108 104 
80 81 
110 109 
110 106 
106 - 106 
io3 too 
90 87 
96 91 
141 143 , }46 146 
141 140 140 146 
104 106 
81 78 
110 109 
84 · 84 
113 110 
104 106 
107 106 
104 104 
80 80 
110 llZ 
87 87 
112 112 
104 104 
107 106 
98 100 100 97 
8a 88 go 94 
94 93 91 90 
115 - 114 . 113 110 109 107 
9Z 91 91 90 94 91 
105 106 , 11Z 109 109 110 .- 110 114 14Z 123 
81 83 
99 101 
94 90 
83 83 
e2 86 86 85 94 91 88 e3 
gz 97 94 97 98 97 97 98 
86 66 91 91 91 84 88 96 
73 77 e4 e2 e: 79 84 84 
1st. 
Meas. 
H.Q. 
116 
117 
107 
122 
96 
77 
117 
109 
100 
96 
104 
90 
114 
133 
1Z6 
lOZ 
80 
112 
88 
111 
110 
106 
96 
116 
94 
108 
.93 
126 
84 
103 
94 
84 
Mean 
a 
114 
115 
90 
ll7 
95 
77 
109 
102 
85 
95 
103 
92 
110 
142 
119 
103 
78 
108 
84 
110 
105 
106 
97 
88 
93 
114 
92 
112 
85 
97 
89 . 
eo 
~0 
s. D. 
4.2 
3.2 
2.7 
1.2 
2._7 
7.-5 
7.1 
3.0 
·_2.6 
4.0 
2.6 
3.0 
3.0 
5.6 
2.6 
4.2 
- 3.8 
Limitations of the Study 
While the norms fo height in this thesis might be 
used in another community as a basis for comparison, they 
could not validly be used in t h e computation of height quo-
tients unless it could be shown that the growth pattern of 
height was the same as that of the Newton children. The pl 
for the establishment of norms might easily be followed in 
another community. 
Recommendations 
As we become more and more conscious of the need to 
study the child as a whole the importance of any device whi 
will do this more adequ~tely is evident. It is hoped that 
this thesis will contribute in doing this. It points out 
clearly that growth is an individual matter. If we concede 
these facts about growth, we must admit that the individual 
growth curve is of first importance in educational practice. 
It may also be true that the pattern of a child's growth 
would give far more important information about him than any 
other study of him. 
Courtis maintains that some children are by nature 
utterly unable to profit by instruction until they have 
reached a certain level of development. It might well be 
that a technique such as the one developed in this thesis 
could be one of the methods needed in the study of child 
growth. 
·- .-,5ton U nive1~-' i r..,. 
· .l>ool of Educ- iun 
'.ik<:;i": 
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As mentioned in the first chapter or the study, if 
the significance of growth in height can be determined, it 
is possible that the technique can be used in other areas, 
with the eventual possibility of relating growth in those 
areas. 
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Appendix A 
Computing Tables for Finding Height Quotients when 
Height in Inches and Age in Years and Months are Known 
CHRONOLOGICAL AGE DIRECTIONS: - First locate the 
4-9 4-10 4-11 child's age along the age scale 
/ which appears at the top of each 
48.50 14~ page; then find his height on the 
48.Z5 146 143 vertical height scale at the left 
48.00 144 141 of that page. The intersection 
47.75 145 14Z 140 of the column and row will con-
47.50 143 140 138 tain the desired hei ght quotient. 
47.Z5 141 138 136 
47.00 138 137 134 
46.75 . 137 136 13Z 
46.50 135 133 130 
46.Z5 134 131 1Z9 
46.00 131 1Z9 1Z7 
45.75 130 1Z7 1Z5 
45.50 1Z8 1Z6 1Z3 
45.Z5 1Z6 1Z4 lZZ 
45.00 1Z4 lZZ lZO 
44.75 lZZ lZO 118 
44.50 lZO 118 116 
44.Z5 119 · 117 114 
44.00 117 115 113 
43.75 115 113 111 
43.50 113 111 109 
43.Z5 111 -109 107 
43.00 109 107 105 
e 4Z.75 108 106 104 4Z.50 106 104 10Z 
4Z.Z5 104 lOZ 100 
4Z.OO lOZ 100 98 
41.75 100 98 96 
41.50 98 96 95 
4l.Z5 96 94 93 
41.00 94 93 91 
40.75 9Z 91 89 
40.50 91 89 87 
40.Z5 89 87 86 r; 
40.00 87 85 84 
39.75 85 83 8Z 
39.50 83 8Z 80 
39.Z5 81 80 78 
39.00 80 78 77 
38.75 78 76 76 
38.50 76 74 74 
38.Z5 74 73 7Z 
38.00 7Z 71 70 
37.75 70 69 68 
37.50 69. 67 66 
37.Z5 66 65 64 
37.00 65 63 6Z 
36.75 63 6Z 60 
36.50 6Z 60 59 
36.2.5 59 58 57 
e 36.00 57 56 55 35.75 55 54 
:56 
CHRONOLOGICAL AGE · 
5-0 5-1 5-Z 5-3 5-4 5-5 5-6 5-7 5-8 5-9 5-10 5-11 
5Z.Z5 146 
5.2.00 144 
51.75 145 143 
e 51.50 145 143 141 51 • .25 145 143 14.2' 140 
51.00 146 144 14.2 140 138 
50.75 146 144 14.2 140 138 136 
50.50 146 144 14.2 140 138 136 135 
50 • .25 144 14.2 141 138 137 135 133 
50.00 145 143 141 139 137 135 133 131 
49.75 145 143 141 139 137 135 133 13.2 ' 130 
49.50 146 143 141 139 137 136 134 13Z 130 1Z8 
49 • .25 146 144 14.2 140 138 i36 134 13.2 130 1.28 1Z6 
49.00 144 14Z 140 138 136 134 13Z 130 1Z8 1.27 1.25 
48.75 145 . 14.2 140 138 136 134 13Z 130 1Z8 1.27 1.25 1Z3 
48.50 143 141 138 136 134 13Z 130 1.29 1Z7 125 1.23 1.21 
48 • .25 141 139 137 135 133 131 1Z9 1.27 125 1.23 1.2.2 1ZO 
48.00 139 137 135 133 131 1Z9 1.27 1.25 1.24 1.2.2 1.20 118 
47.75 138 135 133 131 1Z9 1.27 1.26 1.24 1ZZ 1.20 118 116 
47.50 136 134 13Z 130 1.28 1.26 1.24 1ZZ 1ZO 119 117 115 
47.Z5 134 13Z 130 1z'8 1Z6 1Z4 1ZZ 1zo 118 117 115 113 
47.00 13.2 ' 130 1.28 1.26 1Z4 1.2.2 1ZO 119 117 115 113 11.2 
46.75 130 1.28 1.26 1.24 1.23 1.20 119 117 115 113 11.2 110 
46.50 1Z8 1Z6 1.24 1Z3 1.21 119 117 115 113 11Z 110 .108 
::c 46 • .25 '1Z7 1.25 1Z3 1.21 119 117 115 114 11.2 110 108 107 
u 46.00 1Z5 1Z3 1Z1 119 117 115 114 11Z llO 108 107 105 
!:; 45.75 1Z3 1Z1 119 117 116 114 11Z 110 108 107 105 '103 
0: 45.50 ill 1ZO 118 116 114 11Z 110 . 108 107 105 103 lOZ 
w 45.25 1ZO 118 116 114 lll 110 108 107 105 103 10Z 100 
f... 45.00 118 116 114 11Z 110 108 107 105 103 10.2 100 98 ~ 44.75 116 114 lll 110 109 107 105 103 lOZ 100 98 97 
0 44.50 114 11Z 110 109 107 105 103 10.2 100 98 97 95 
!- 44 • .25 lll 111 109 107 105 103 10Z 100 98 97 95 93 E 44.oo 111 109 107 105 103 10Z '100 98 97 95 93 9Z 
a:: 43.75 109 107 105 104 10Z 100 98 97 95 93 9.2 90 
.~ 43.50 107 105 104 10.2 100 98 97 95 .93 9Z 90 88 
;z 43.25 105 104 10Z 100 98 97 95 93 9Z 90 88 87 
~ 43.00 104 10Z 100 98 97 95 93 9Z 90 88 87 85 
1= 4Z.75 lOZ 100 98 96 95 93 9.2 . 90 88 87 85 84 
~ 42.50 100 98 96 95 93 9Z 90 88 87 85 83 8Z 
4Z.Z5 98 96 95 93 91 90 88 86 85 83 8.2 80 
1- 4Z.OO 96 95 93 91 90 88 86 85 83 81 80 79 
6 41.75 95 93 91 90 88 86 85 . 83 8Z 80 78 77 
- u.50 93 91 90 88 86 85 83 81 80 78 77 75 ~ 4.1 • .25 91 89 88 86 84 83 81 80 ' 78 77 75 74 
'4-1.00 89 88 86 84 83 ' 81 80 78 76 75 73 7Z 
40.75 88 86 84 83 81 80 78 76 75 73 7.2 70 
40.50 86 84 8Z 81 79 ' 78 76 75 73 7.2 70 69 
40.25 84 8Z 81 79 ' 78 76 74 73 7Z 70 68 67 
40.00 8.2 80 79 77 76 74 73 71 70 68 67 65 
39.75 80 79 77 76 74 73 71 70 68 67 65 64 
39.50 79 77 76 74 7Z 71 70 68 67 . 65 64 6.2 
39 • .25 77 75 74 7.2 71 69 68 66 65 63 6.2 60 
39.00 75 .74 7.2 70 69 . 68 66 64 63 6.2 60 59 
38. 7,5 73 7.2 70 69 67 66 64 63 -6Z 60 58 57 
38.50 7Z 70 68 67 66 64 63 61 60 58 57 56 
38.Z5 70 68 67 65 64 6.2 61 59 58 57 55 54 
38.00 68 66 65 64 6Z 61 59 58 56 55 
37.75 66 65 63 6Z 60 59 58 . 56 55 
37.50 64 63 6.2 60 59 57 56 54 
37.25 6Z 61 60 58 57 56 54 
37.00 61 59 58 57 55 54 
36.75 59 .57 56 . 5~ 
36.50 57 56 54 
36 • .25 55 54 
.r 
55.00 
54.75 
54.50 
54.Z5 
54.00 
53.75 
53.50 
53.Z5 
53.00 
52.75 
.52.50 
52.25 
52.00 
51.75 
51.50 
51.25 
51.00 
50.75 
50.50 
50.25 
50.00 
49.75 
. 49.50 
49.Z5 
49.00 
48.75 
48.50 
:r: 48.25 ~ 48.00 
..... 47.75 
t5 47.50 
~ 47.25 
<( 47 .oo 
5· 46.75 
f- 46.50 
1.1) 46.25 
~ . . 46.00 i:il. 45.75 
:z 45.50 
til 45.25 
~ 45.00 
44.75 g_ 44.50 
44.25 
f-
:r: 44.00 
8 43.75 
til ·43.50 
:r: 43.25 
43.00 
42.75 
42.50 
42.25 
42.00 
41.75 
41.50 
41.25 
41.00 
40.75 
40.50 
40 .. 25 
40.00 . 
39.75 
39.50 
39.25 
39.00 
38.75 
38•50 
146 
144 
14.3 
141 
1.39 
1.38 
1.36 
1.34 
133 
131 
130 
128 
126 
124 
123 
1Z1 
120 
118 
116 
115 
113 
111 
110 
108 
106 
105 
103 
102 
100 
98 
97 
95 
94 
9Z 
go· 
89 
87 
85 
84 
82 
80 
79 
77 
76 
74 
72 
70 
69 
67 
66 
64 
62 
6-1 
59_ 
57 
56 
54 
6-1 
146 
144 
142 
141 
1.39 
1.38 
136 
1.34 
133 
1.31 
129 
128 
126 
124 
123 
121 
120 
118 
116 
115 
113 
111 
110 
108 
106 
105 
10.3 
102 
100 
98 
97 
95 
94 
92 
90 
89 
87 
. 85 
84 
82 
80 
79 
7.7 
76 
74 
12 
71 
69 
67 
66 
64 
62 . 
61 
. 59 
58 
56 
54 
6-2 
145 
144 
142 
141 
139 
1.37. 
1.36 
1.34 
1.32 
131 
129 
128 
126 
124 
123 
121 
120 
118 
116 
115 
11.3 
111 
110 
108 
106 
105 
103 
10Z 
100 
98 
97 
95 
94 ' 
9~ 
90 
89 
87 
85 
84 
82 
80 
79 
. 77 
76 
74 
72 
71, 
69 
68 
66 
64 
63 
61 
59 
. 58 
56 
55 
6-3 
145 
144 
14Z 
140 
139 
137 
136 
1.34 
132 
1.31 
129 
128 
126 
124 
123 
121 
119 
118 
116 
115 
11.3 
111 
110 
108 
106 
105 
103 
102 
100 
98 . 
97 
95 
94 
92 
90 
89 
87 
85 
84 
82 
81 
79 
77 
. 76 
74 
72 
71 
69 
68 
66 
64 
6.3 
61 
60 
58 
56 
55 
CHRONOLOGICAL AGE 
6-4 
145 
144 
142 
140 
1.39 
1.37 
1.36 
1.34 
132 
131 
129 
128 
126 
124 
123 
121 
119 
118 
116 
115 
113 
111 
110 
108 
10"6 
105 
103 
102 
100 
98 
97 
95 
94 
92 
90 
89 
87 
86 
84 
82 
81 
79 
78 
76 
74 
72 
71 
69 
68 
66 
65 
6.3 
61 
60 
58 
56 
55 
6-5 
145 
144 
142 
140 
1.39 
1.37 
135 
134 
132 
131 
129 
127 
126 
124. 
122 
121 
119 
118 
116' 
114 
113 
111 
110 
108 
106 
105 
103 
102 
100 
98 
97 
95 
94 
. 92 
90 
89 
87 
86 
84 
8Z 
81 
79 
77 
76 
74 
72 
71 
69 
68 
66 
64 
63 
61 
60 
58 
56 
55 
6-6 
145 
143 
141 
140 
138 
1.37 
135 
1.34 
H32 
130 
129 
127 
126 
124 
122 . 
121 
119 
118 
116 
114 
113 
111 
110 
108 
106 
1051 
103 
10Z 
100 
98 
97 
95 
94 
92 
90 
89 
~7 
86 
.a4 
82 
81 
79 
78 
76 
74 
7.3 
71 
70 
68 
66 
65 
6.3 
62 
60 
59 
57 
55 
b-7 
145 . 
143 
142 
140 
138 
137 
135 
134 
132 
. 130 
129 
1i7 
126 
124 
122 
1Z1 
119 
118 
116 
114 
113 
. 111 
110 
108 
l06 
105 
103 
102 
100 
98 
97 
95 
94 
92 
n0 
89 
87 
86 
84 
83 
81 
79 
• 78 
76 
74 
73 
71 
70 
68 
66 
65 
63 
62 
60 
58 
57 
55 
6-8 
145 
143 
141 
140 
138 
1.37 
135 
133 
13·2 
130 
129 
127 
126 
124 
122 
121 
119 
118 
116 
114 
113 
111 
110 
108 
106 
105 
103 
102 
100 
98 
97 
95 
94 
92 
90 
89 
87 . 
86 
84 
82. 
81 
79 
78 
76 
74 
73 
71 
70 
6_8 
67 
65 
63 
62 
60 
59 
57 
"55 
6-9 
146 
144 
143 
141 
140 
1.3A 
137 
135 
1.33 
132 
1.30 
129 
127 
125 
124 
122 
121 
119 
118· 
116 
114 
113 
111 
1)0 
108 
106 
105 
10.3 
10Z 
100 . 
98 
97 
95 
94 
92 
90 
89 
87 
86 
84 
8Z 
81 
79 
78 
76 
74 
73 
71 
70 
68 
67 
65 
63 
62 
60 
59' 
57 
55 
54 
6-10 
146 
144 
143 
141 
140 
138 
136 
135 
133 
132 
130 
128 
127 
125 
124 
122 
121 
119 
117 
116 
114 
113 
n1 
110 
108 
106 
105 
103 
102 
100 
98 
97 
95 
94 
9Z 
90 
89 
87 
86 
84 . 
8.3 
81 
79 
'78 
76 
75 
73 
?Z 
70 
68 
67 
65 
64 
62 
60 
59 
57 
56 
54 
59 
6-11 
146 
144 
142 
141 
139 
138 
136 
135 
133 
132 
130 
128 
127. 
125 
124 
122 
120 
119 
117 
116 
114 
113 
111 
110 
108 
106 
105 
10.3 
102 
100 
98 
97 . 
95 
94 
92 
90 
89 
87 
86 
84 
83 
81 
80 
78 
76 
75 
73 
72 
70 
68 
67 
65 
64 
62 
61 
59 
58 
56 
54 
60 CHRONOLOGICAL A0E 
7-0 7-1 7-Z 7-3 7-4 7-5 7-6 7-7 7-8 7-9 7-10 7-11 
58.00 146 
57.75 144 
57.50 145 143 
e 57 • .25 145 145 143 141 57.00 145 143 143 14Z 140 
56.75 145 145 143 14Z 14Z 140 138 
56.50 145 143 143 14Z 140 140 138 137 
56.Z5 145 145 144 14Z 14Z 140 138 138 137 135 
56.00 146 144 144 14Z 140 140 139 137 137 135 134 
55.00 146 144 14Z 14Z 140 139 139 137 135 135 134 13Z 
54.75 144 14Z 141 141 139 137 137 136 134 134 13Z 130 
54.50 14Z 141 139 139 137 136 136 134 13Z 13Z 131 1Z9 
54.Z5 141 139 138 138 136 134 134 13Z 131 131 1Z9 1Z7 
54.00 139 138 136 136 134 13Z 13Z 131 1Z9 1Z9 1Z8 1Z6 
53.75 138 136 134 134 133 . 131 1.31 1Z9 1Z8 1Z8 1Z6 1Z4 
53.50 136 134 133 133 131 130 130 1Z8 1Z6 1Z6 1Z4' 1Z3 
53.Z5 135 133 131 131 130 1Z8 1Z8 1Z6 1Z5 .1Z5 1Z3 1Z1 
53.00 133 131 130 130 1Z8 1.26 1Z6 125 - 123 12 .3 121 1.20 
5.2.75 13.2 130 1Z8 1.28 1.26 125 1.25 1.23 lZZ 1.22 120 118 
52.50 130 1.28 1.27 1.27 IZ5 1.23 123 121 120 1.20 11 ·9 117 
52 • .25 1.28 1Z7 1.25 1.25 1.23 1ZZ 12Z 1.20 118 118 117 115 
5Z.OO 1.27 1.25 1.23 1.23 1.22 1.20 1.20 118 117 117 115 114 
51.75 1.25 1Z4 12Z 12Z 1ZO 119 119 117 115 115 114 112 
51.50 1.24 1ZZ 1.20 1.20 119 117 117 115 114 114 11.2 111 
51 • .25 1.2.2 1.20 119 119 117 116 116 114 11.2 11.2 111 109 
51.00 1.20 119 117 117 116 114 114 11.2 111 111 109 108 
50.75 119 117 116 116 114 11.2 11.2 111 109 109 . 108 1,06 
:X: 50.50 117 116 . 114 114 112 111 111 109 108 108 106 105 u 
z 50 • .25 116 114 11.2 11.2 111 109 109 108 106 106 105 103 
...... 50.00 114 113 Ill 111 109 108 108 106 105 105 103 102 
cc 49.75 113 111 109 109 108 106 106 105 103 103 10.2 100 [1J 
1- 49.50 111 109 108 108 106 105 105 103 10.2 10.2 100 98 cc 49.25 110 108 106 106 105 103 103 10.2 100 100 98 97 $ 
.-J 49.00 108 106 105 105 103 10Z 10Z 100 98 98 97 95 0 
e 48.75 106 105 103 103 10.2 100 100 98 97 97 95 94 1- 48.50 105 103 10.2 10.2 100 98 98 97 95 95 94 9Z (./) ILl 48.25 103 lOZ 100 100 98 97 97 95 94 94 9.2 91 ~ 48.00 102 100 98 98 97 95 95 94 9.2 9.2 91 89 
z 47.75 100 98 97 97 95 94 94 9.2 91 91 89 88 
ILl 47.50 98 97 95 95 94 9.2 9.2 91 89 89 88 86 
:X: 47 • .25 97 95 94 94 9.2 91 91 89 88 88 86 85 1- 47.00 . 95 94 9.2 9.2 91 89 89 88 86 86 85 83 
~ 46.75 94 9.2 91 91 89 88 88 86 85 85 83 8.2 
1- 46.50 9.2 91 89 89 88 86 86 85 83 83 82 80 
:X: 46.25 90 89 88 88 86 84 84 83 8.2 8.2 80 79 
~ 46.00 89 87 86 86 84 83 83 8.2 80 80 79 77 
...... 
ILl 45.75 87 86 84 84 83 81 81 80 78 78 77 76 
:X: 45.50 86 84 83 83 81 80 80 79 77 77 76 74 
45.25 84 83 81 81 80 78 78 77 75 75 74 73 
45.00 83 81 80 80 78 77 77 75 74 74 7.2 71 
44.75 81 80 78 78 77 75 75 74 7.2 7.2 71 70 
44.50 80 78 77 77 75 74 74 7.2 71 71 69 68 
44 • .25 78 76 75 75 74 7.2 7.2 71 69 69 68 66 
44.00 76 75 73 . 73 ?Z 70 70 69 68 68 66 65 
43.75 75 73 7.2 7.2 70 69 69 68 66 66 65 63 
43.50 73 7.2 70 70 69 68 68 66 65 65 63 6.2 
43.00 7.2 70 69 69 67 66 66 64 63 63 6.2 60 
4.2.75 70 69 67 67 66 64 64 63 6.2 6.2 60 59 
42.50 68 67 66 66 64 63 6~ 61 60 60 58 57 
4.2 • .25 67 66 64 -64 63 61 61 60 58 58 57 5Q 
42.00 65 64 6.2 6.2 61 60 60 58 57 57 55 54 
41.75 64 6.2 61 61 60 58 58 57 55 55 
41.50 6.2 61 59 59 58 57 57 . 55 
41.25 61 59 58 58 56 55 55 
40.00 59 58 56 56 55 
39.75 58 56 55 55 
39.50 . 56 54 
39.25 54 
CHRONOLOGICAL AGE -'1 
8-0 8-1 8-2 8-3 8-4 8-5 8-6 8-7 8-8 8-9 8-10 8-11 
59.25 145 
59.00 145 143 
58.75 145 145 143 142 
58.50 145 143 143 142 140 
e 58.25 145 145 144 141 .·. 141 140 139 . 58.00 145 144 144 142 140 140 139 137 
57.75 145 145 144 142 142 140 139 139 137 136 
57.50 146 144 144 142 141 140 139 137 137 136 134 
57.25 146 144 142 142 141 139 139 138 1S6 1S6 134 133 
57.00 144 142 141 141 139 138 138 136 . 134 . 134 13S 1S1 
56.75 143 141 1S9 139 l.S8 136 136 1S4 13S 1S3 1S1 130 
. 56.50 141 140 138 138 136 135 134 13S 131 131 130 128 
56.25 140 138 1S6 1S6 135 133 133. 1:32 l30 130 12.8 12.7 
56.00 138 1S6 135 1S5 13S 132 132 130 12.8 12.8 12.7 12.5 
55.75 137 135 1SS · 13S 132. 1SO 1SO 12.8 127 127 125 124 
55.50 135 1S3 132 132. 130 129 12.8 12.7 125 12.5 124 1ZZ 
55.25 134 132 ISO 130 12.9 12.7 127 12.5 124 .12.4 1ZZ 12.1 
55.00 1S2 130 ·129 ' 129 12.7 12.6 12.5 124 12.2 1ZZ 121 119 
54.75 130 129 127 127 126 12.4 124 12.2 121 121 119 118 
54.50 129 127 126 126 124 1ZS 1ZZ 121 119 119 118 116 
54.25 127 126 124 124 1ZS 12.1 12.1 12.0 118 118 116 115 
54.00 126 124 12S 1ZS 12.1 12.0 120 118 116 . 116 115 113 
53.75 124 123 121 121 120 118 118 116 115 115 113 112. 
5S.50 12S 121 1ZO 1ZO 118 117 116 115 114 114 112. 110 
53.2.5 121 120 118 118 117 115 115 114 112. 112. 110 109 
53.00 120 118 117 117 115 114 114 112. 110 110 109 107 
::r: 52.75 118 117 115 115 114 112 112. 110 109 109 107 . 106 
u 52.50 117 115 114 114 112. 110 110 109 108 108 106 104 
iZ 52.25 115 114 112 112 110 109 109 108 106 106 104 103 ..... 
0:: 52.00 114 112 111 111 109 108 .108 106 104 104 lOS 102 
til 51.75 112 111 109 109 108 106 106 104 lOS 103 102. 100 
E- 51.50 111 109 108 108 106 104 104 lOS 102 102 100 98 ~ 51.25 109 108 106 106 104 lOS 103 lOZ 100 100 98 97 
a 51.00 108 106 104 104 lOS 102 102 100 98 98 97 96 
E- 50.75 106 105 lOS 103 102 100 100 98 97 97 96 94 
e ~- 50.50 105 103 102 lOZ 100 98 98 97 96 96 94 93 ~ - 50.25 103 102 100 100 98 97 97 96 94 94 9S 91 
50.00 102 100 98 98 97 96 96 94 92 92 91 90 
iZ 49.75 100 98 97 97 96 94 94 92. 91 91 90 88 
til 49.50 98 97 96 96 94 92 92. 91 90 90 88 87 
::r: 49.25 97 95 94 94 92 91 91 90 88 88 87 85 E-
0 49.00 95 94 92 9Z . 91 90 90 88 88 86 85 84 
E- 48.75 94 9Z 91 91 90 88 88 86 85 85 84 82 
E- 48.50 92 91 89 89 88 86 86 85 84 84 82 81 
::r: 48.2.5 . 91 89 88 88 86 85 85 84 82 82 81 79 d 
-
48.00 89 88 86 86 85 84 8S 82 81 81 79 78 
til 47.75 88 86 85 85 8S 8Z .82. 80 79 70 78 76 X 
47.50 86 85 8S 8S 82 80 80 79 78 78 76 75 
47.2.5 85 83 82 8Z 80 79 79 78 75 75 75 73 
47.00 8S 82 80 80 79 78 78 76 73 73 73 . 72 
46.75 82 80 79 79 77 76 76 75 72. 72 72. 70 
46.50 80 79 77 77 76 75 75 73 70 70 70 69 
46.25 79 77 · 76 76 · 74 7S 73 ?Z 69 69 69 f>? 
46.00 77 76 74 74 . . 7S 7Z 72. 70 67 67 67 66 
45.75 76 74 73 7S 71 70 70 68 66 66 66 64 
45.50 74 73 71 71 70 68 68 67 64 64 64 63 
45.25 7S 71 70 70' 68 67 67 66 6S 63 63 61 
45.00 71 70 68 68 67 66 66 64 61 61 61 60 
44.75 70 68 67 67 65 64 64 62. 60 60 60 58 
44.50 G8 67 65 65 64 62. 62. 61 59 59 58 57 
.44.25 66 .65 64 64 62. 61 61 60 57 57 57 55 
e 44.00 65 64 62. 62. 61 60 .60 
58 55 55 55 
43.75 63 6Z 61. . ·. 61 59 58 58 56 
43.50 62 60 59 59 58 56 56 55 
43~25 60 59 58 58 56 55 55 
43.00 59 58 56 56 . 55 
42..75 57 56 55 55 
42.50 56 54 
42.25 54 
62 
CHRONOLOGICAL AGE 
9-0 9-1 9-2 9 -3 9-4 9-5 9-6 9-7 9-8 9-9 9-10 9-11 
61.50 145 
61.25 145 145 144 
61.00 145 144 144 142 
60.75 146 144 142 142 141 
60.50 146 146 144 142 141 141 140 
60.25 146 144 144 143 141 140 140 138 
60.00 146 146 144 14.3 143 141 140 138 138 137 
59.75 146 144 144 143 141 141 140 138 137 137 135 
59.50 144 143 143 . 141 140 140 138 137 1.35 . 1.35 1.34 
59 • .25 145 143 !42 141 140 138 138 137 135 134 134 132 
59.00 143 142 140 140 138 1.37 137 135 134 13.2 132 1.31 
58.75 142 140 1.39 1.38 137 135 1.35' 134 132 131 131 129 
53 .50 140 139 137 137 135 134 134 132 131 129 129 128 
58.25 139 1.37 136 135 134 132 132 1.31 129. 128 128 126 
58.00 1.37 136 13.3 134 132 131 13.1 129 128 126 126 125 
57.75 136 134 134 1.32 131 130 129 128 126 125 125 123 
57.50 134 133 131 131 130 128 128 126 125 123 123 122 
57.25 133 13 1 130 130 128 LZ7 126 125 123 122 122 120 
57.00 131 130 128 128 127 125 125 124 122 120 120 119 
. 56.75 1.30 128 12 7 127 125 124 124 122 120 11 s 119 118 
56.50 128 127 125 125 124 122 122 121 119 118 118 116 
56.25 127 125 124 124 122 121 121 119 118 116 116 115 
56.00 125 124 122 122 121 119 119 118 116 115 115 113 
55.75 124 122 121 121 119 11 8 11 e 116 115 113 113 112 
55.50 122 12 1 119 11S 11 e 116 116 115 113 112 112 110 
::c 55.25 121 119 118 118 116 115 115 113 11 z 110 110 109 
- ~ 55.00 119 118 116 116 115 11.3 1 1.3 112 11 c 109 109 107 
.... 54.75 118 116 115 115 113 112 112 11 0 109 107 107 106 
a:i 54.50 116 115 113 1 1 .3 112 110 110 109 1C7 106 106 10 4 
w 5 4 • .25 115 113 112 112 11 0 109 1C9 1C7 106 104 104 103 1-
a:: 54. 00 1 1.3 112 11 0 110 109 107 107 1C6 10 4 1C3 10 3 10 2 
:3 53.75 112 l 1C 1C9 10 9 107 1C6 1C6 10 4 1 o .: . 1C' 2 10 2 100 0 53.50 1 10 109 107 107 106 10 4 104 103 102 1CO 100 98 
1- s:: . 25 1C9 10 7 !C-6 106 10 4 103 10-3 102 100 98 98 97 ll) 
w 53.00 1C7 1C5 1C4 1C4 10 3 102 10:.:. 100 98 97 97 96 
~ 52.75 106 1C4 1C3 10 3 10 2 100 1CO 98 97 96 96 94 
z 52.50 10 4 - 10 3 10 2 1CZ 100 98 98 97 96 94 94 93 
52.25 1C3 102 100 10 0 98 97 97 96 94 93 9.3 91 
tLl 52.00 102 100 98 98 97 96 96 94 9.3 91 91 90 ::c: 
1- 51.75 1CO 98 97 97 96 94 94 93 91 90 90 88 
0 51.50 98 97 9 6 96 94 93 9.3 91 90 88 88 87 
1- 51.25 97 90 94 94 9.3 91 91 90 88 87 87 85 
1- 51.00 96 94 93 93 91 90 90 88 87 85 85 84 :c 
t:- 50.75 9 4 9 3 91 91 90 88 88 87 85 84 84 El2 
tLl 5 0 .50 93 91 90 90 88 87 87 85 84 82 82 81 
::c 5 0 .25 91 90 88 88 87 85 85 84 82 81 81 eo 
50.00 90 88 87 87 85 34 84 82 81 80 80 78 
4 9 . 7 5 35 87 85 85 84 82 82 81 80 78 78 77 
. 49.5 0 El7 85 f\4 84 82 81 81 79 78 77 77 75 
4 9 .25 85 84 82 82 81 79 79 78 77 75 75 74 
49.00 84 8 2 81 81 79 78 78 76 75 74 74 72. 
48.75 82 81 79 79 78 76 76 75 74 72 72 69 
48 .50 81 79 78 78 76 75 75 74 72 69 69 
46 .25 79 78 76 76 75 74 74 72. 69 
48.00 78 76 75 75 73 72 n 71 
47. 75 76 75 73 73 72 7 1 71 69 
4 7 .50 75 73 n 72 · 70 69 69 68 
47 • .25 73 n 70 70 69 6 EI 68 66 
47.00 n 70 69 69 68 66 66 65 
46.75 70 69 6A 68 66 65 65 63 
- 46.50 . 69 67 66 66 64 6.3 o3 62 
46 • .25 67 66 o5 65 63 6.2 62 60 
46.00 66 64 6.3 6.3 6.2 60 60 59 
e 45.75 64 6.3 62 6.2 60 59 59 57 45.50 63 61 60 60 59 57 57 56 45.25 61 60 59 59 57 56 56 54 
45.00 60 58 57 57 56 54 54 
44.75 58 57 56 56 54 
44.50 57 56 54 54 
44.25 55 54 
63 
CHRONOLOGICAL f..GE . 
10-0 10 -1 10-2 10-:3 10-4 10-5 . 10-6 10-7 10-8 10-9 10-10 10-11 
6:3.50 145 145 145 143 63.25 145 14:3 14:3 142 6:3.00 145 145 143 142 142 140 62.75 145 14:3 14:3 1.42 140 140 1:39 62.50 
62.25 145 i45 14:3 142 142 140 1:39 139 1:37 
62.00 145 144 144 142 140 140 139 1:38 138 136 
61.75 145 145 144 142 142 140 139 139 1:38 1:36 136 134 
61.50 144 144 142 141 141 139 1:38 1:38 136 1:35 1:35 13:3 
61.25 142 142 141 1:39 1:39 l38 1:36 136 135 1:3:3 133 132 
61.00 141 141 1:39 138 1:38 136 135 135 133 132 1.3.2 130 
60.75 139 139 138 136 136 135 133 133 132 130 130 129 
60.50 138 138 136 135 135 133 132 132 130 129 129 127 
60.25 136 136 135 133 133 132 130 130 129 127 127 126 
60.00 135 135 133 13Z 132 130 129 129 127 126 126 124 
59.75 134 134 ' 13Z 130 1:30 129 128 127 126 124 124 123 
59.50 1:32 132 1:30 129 129 128 126 126 1Z4 12:3 123 122 
59.25 1:31 131 129 1ia 128 126 125 124 123 122 122 120 
59.00 129 129 128 126 126 125 12:3 123 122 120 120 119 
58.75 128 128 126 125 125 12:3 121 121 120 119 119 117 
58.50 126 126 125 1i3 123 121 120 120 119 117 117 116 
58.25 125 125 12.3 122 122 120 119 119 .117 116 116 U4 
58.00 12.3 123 1Z2 120 120 119 117 117 116 114 114 11.3 
57.75 122 122 120 119 119 117 116 116 114 11.3 113 112 
57.50 120 120 119 117 117 116 114 114 11.3 112 112 110 
57.25 119 119 117 116 116 114 113 113 112 110 110 109 
:r: 57.00 118 118 116 114 114 11.3 112 112 110 109 . 109 107 u 116 116 114 11:3 11:3 112 110 110 109 107 107 106 :z: 56.75 
.... 56.50 115 . 115 11.3 112 112 110 109 109 107 106 106 104 
ex: 56.25 11.3 11.3 112 110 110 109 107 107 106 104 104 . 10.3 ttl 
1- 56.00 112 112 110 1G9 109 107 106 106 104 10.3 103 101 ~ 55.75 110 110 1C9 107 107 106 104 104 10.3 101 101 100 
0 55.50 109 1G9 107 106 106 104 10.3 10:3 101 100 100 99 
1- 55.25 107 107 106 104 104 103 101 101 100 99 99 97 
(/) 55. 0 0 106 106 104 10 3 1C3 101 100 100 99 97 97 96 
e ~ 54.75 104 104 1C3 102 102 100 100 99 97 96 . 96 94 54.50 103 103 102 1C·O 100 100 97 97 9o 94 94 93 ;;::. .54. 25 102 1C2 100 98 98 97 96 96 94 9:3 9.3 91 
ttl 54.00 100 100 98 97 97 96 94 94 93 91 91 90 i: 53.75 98 98 97 96 96 94 9.3 93 91 90 .90 88 
53.50 97 97 96 94 94 9:3 91 91 90 88 88 87 ~ 53.25 96 96 94 9.3 93 91 90 90 88 87 87 86 
1- 53. 0 0 94 94 9.3 91 91 90 88 88 87 86 86 84 
:r: 52.75 9.3 93 91 90 90 88 87 87 86 84 84 83 s 52.50 91 91 90 88 88 87 86 86 84 8.3 8:3 81 
ttl 52.25 90 90 88 87 87 86 84 84 83 81 81 80 
:r: 52.00 88 88 87 86 86 84 8.3 83 81 80 80 78 
51.75 8 7 87 86 84 84 8.3 81 81 80 78 78 77 
51.50 85 85 84 8.3 8.3 81 80 80 78 77 77 76 
51.25 84 84 8.3 81 81 80 79 78 77 76 76 74 
51.00 8 2 82 81 80 80 79 77 77 76 74 74 73 
50.75 81 81 80 78 78 77 76 76 74 . 73 7:3 71 
50.50 80 80 78 77 77 75 74 74 7.3 70 70 70 
50.25 78 78 77 75 75 74 73 7.3 70 68 68 68 
50.00 77 77 75 74 74 n 71 71 68 67 67 67 
49.75 75 75 74 7Z 7Z 71 · 70 70 67 66 66 66 
49.50 74 74 72 71 71 70 68 68 65 64 64 64 
49.25 72 72 71 70 70 68 67 67 64 63 63 6.3 
49. 00 71 71 70 68 68 67 65 65 62 61 61 61 
48.75 6 9 69 68 67 67 65 64 6:4 61 60 60 60 
48.50 68 68 67 65 65 64 62 62 60 58 58 58 
48.25 66 66 65 64 64 62 61 61 58 57 57 57 
48 .00 65 65 64 62 62 61 60 60 57 55 55 55 
47.75 64 64 62 61 61 60 58 58 55 
47.50 62 62 61 59 59 58 57 57 
e 47.25 61 61 59 58 58 5 .7 55 55 47.00 59 59 58 56 56 55 46.75 58 58 56 55 55 
46.50 56 56 55 
46.25 55 55 
-- . ----· - -· . -- - . --- - . - - - ---· - .. 
CHRONOLOGICAl AGE 64 
11-0 11-1 11-2 11-3 11-4 1.1-~ 11•6 11-7 11-8 11-9 
65.50 . 145 
65.25 145 144 
65.00 145 . 145 144 143 
64.75 145 144 ' 144 143 141 
64.50 144 143 143 1.41 140 
64.25 145 145 143 14.1 141 140 138 .. 
64.00 145 143 143 141 139 139 138 137 
63.75 145 145 143 142 142 139 138 138 137 136 
63.50 143 143 142 140 140 138 137 137 136 134. 
63.25 142 142 140 139 139 137 136 136 134 133 
63.00 140 140 139 137 137 136 134 134 133 1.31 
62.75 139 139 137 136 136 134 133 133 131 130 
62.50 137 137 136 134 134 133 131 131 130 128 
62.25 136 136 134 133 133 131 130 130 128 127 
62.00 134 134 133 132 132 130 128 128 127 126 
61.75 133 133 132 130 1,30 128 127 . 127 126 124 
61.50 132 132 130 129 129 127 126 126 124 123 
61.25 130 13o' 129 127 127 126 124 124 123 121 
61.00 129 129 12 7 126 126 12~ 123 123 121 120 
60.75 12 7 127 126 124 124 123 121 121 120 118 
60.50 126 126 124 123 12.3 . 121 120 .120 118 117 
60.25 124 124 123 122 122 120 118 118 117 116 
60.00 123 123 122 120 120 118 117 117 116 114 
59.75 122 122 120 118 118 117 116 116 114 113 
59.50 . 120 120 118 117 117 116 114 114 113 111 
59.25 119 115 117 116 116 114 113 113 1 1 I 110 :I: 59.00 117 117 116 114 114 113 111 111 110 108 u 
z 58.75 116 116 114 113 113 111 110 110 108 107 ,_., 
58.50 114 114 . 113 112 112 110 108 108 107 106 cr. 58.25 113 113 11.2 110 110 108 107 . 107 106 104 ttl ' 
t- 58.00 112 112 110 109 109 107 106 106 104 103 - ~ 57.75 110 110 109 107 107 106 104 104 103 101 ;:l 57.50 109 109 107 106 106 104 103 103 101 100 0 
t- 5 "i . Z5 107 107 106 104 104 103 101 101 100 99 
V: · 57.00 106 106 104 103 103 101 100 100 99 97 ttl 56.75 104 104 103 101 10 1 100 99 '99 97 96 ~ 5 £: .50 103 103 101 100 100 99 97 97 96 94 
z 5G.25 101 101 100 99 99 97 96 96 94 93 
ttl 56.00 100 100 99 97 97 96 94 94 93 92 
:I: 55.75 99 99 97 96 96 94 93 93 92 90 t-
~ 55.50 
9.7 97 96 94 94 93 92 92 90 89 
55.25 96 96 94 93 93 92 90 90 89 87 
t- 55.00 94 94 93 91 91 90 89 89 87 86 
:I: 54.75 93 93 91 90 90 89 87 87 86 84 0 54.50 91 91 90 88 88 87 86 '86 84 83 .... 
ttl 54.25 90 90 88 87 . 87 86 84 84 83 82 :I: 
54.00 88 88 87 86 86 84 83 83 . 82 80 
53.75 87 .87 86 84 84 83 82 82 80 79 
53.50 86 86 84 83 83 82 80 80 79 77 
53.25 54 84 83 82 82 80 79 79 77 76 
53. 0 0 83 83 82 80 80 79 77 77 76 74 
52.75 81 82 80 78 78 77 76 76 74 73 
52.50 80 80 78 77 77 76 74 74 73 n 
sz.zs 78 . 78 77 76 76 74 73 73 n 70 
52.00 77 77 75 74 .74 . 73 n n 70 69 
51.75 76 . 76 74 73 73 n 70 70 69 67 
51.50 74 74 73 71 71 70 69 69 67 66 
51.25 73 73 71 70 70 69 67 67 66 64 
51.00 71 71 70 68 68 67 66 66 64 63 
50.75 70 70 68 67 . 67 66 64 64 63 62 
50.50 68 68 67 66 66 64 63 63 62 60 
50.25 67 67 66 .64 64 63 62 62 60 59 
50.00 66 66 64 63 63 62 60 60 59 57 
49.75 .64 64 63 61 61 59 59 59 57 55 
49.50 63 63 . 61 60 60 57 57 57 55' 
49.25 61 61 60 58 58 56 55 55 
49.00 60 6.0 58 57 ' 57 55 
48.75 58 58 57 55 55 
48.50 57 57 55 
48.25 55 55 
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Figure 2 Trend Lines Through 
the Medians and Plus and 
Minus One Sigma Points 
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